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• Houiorabl. Irendan T. Byrne . . .._ 

Governor of Rev Jersey ,~titiiflU/UMt11~~’Trenton , NJ 08621 
________________

L~~~D -
Dear Governor Byrne :

I nelossd is the Phase I Inspection Report for Oak Ridge Reservoir Dan in
Norris County , ISsv J.rs.y which has been prepar.d under authorization of
the Dam Insp~ctioui Act , Public Law 92—367 . A brief assessment of
the dan’s condition is given in the front of th. report .

B a m d  on visual insp.ction , available record s , calculations and past$ operational perforwc., Oak Ridge Reservoir Dan, initially listed
as a high hazard potential structure but reduced to a siguifteast hazard —

potential structure as a result of this inspection , is judg.d to be
in fair overall condition and the spilivey is considered adequate.
To insure adequacy of the structure, the following actions , as a a i4~~~,
are rsc~~ anded:

a. Within six months from the date of approval of this report, engin-
earing studies and aualyees should be performed to detarnin. the dam.
amban~~~nt and foumdation condition and structural stability . Thu should :, -
include test borings to determine material pro perties relati ve to stability .
Any remedial measures found necessary should be init iat d within calendar
year 1980.

.1b. Within thre e months from th, date of approval of this report, the
following rem.dial actions should be compl.t.d :

(1) Completely plug animal burrows in the doumetreun face of the dan
and provid. protection against future ant~~l burr owing into the ~~~~~~~~~~ - -~

(2) Investigat, th. vet spongy area dovnstr.an of the dam to confirm
the source of th . spring reported to be in th. downs tr.am ares of the

I
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Sonorabi. Brendan T. Byrne

e ubanbuent and tak. required correc tive measures.

(3) Debris should be removed from the spiliway discharge channel.

c. Within six months from the date of approval of this report , the
following remed ial actions should be completed : 

-

- .! (1) The open join t and spelled and cracked concrete on the spiliway 
- 

- -

weir should be repaired .

(2) Investigate leakage through the rock at the outist cb~~.r and I

evaluate the stabili ty of the rock under extreme flood conditions • - -
~~~ 

-

(3) Raise the elevation of the platfor , from which the valves in ~the gate chamber are operated so that operation of the gates is possible
if the chamber is f looded .

(4) Investigate the present and future effects of th. root system of
9 the trees located at the right of the spillvay discharg e chan nel. If I -

necessary the tr ess should be removed.

(5) The left abutment of the spilivay should be investigated and if
necessary strengthened .

A copy of the report I.. being furnished to Mr. Dirk C. Hofmsn, Nsa-v
Jersey Department of Envireomsata l Protection , the d.signats d State
Office contact for this program. Within five days of the date of tht5
letter , a copy viii also be sent to Congr.ssm t Ja mes J . Courtsr of
the Thirteenth District . Under the provision of the Pr..dom of

• 

- 
Information Act , the inspection report viii be subject to release
by this office , upon request , five days after the date of this
letter.

2
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• Ne.orable Br.ndaa- T. Byrne

Additiesal copi~~ of this repor t amy be obtained from the National
• Technica l Iafo~msties Services (NTIS) , Springfield, Virginia 22161

at a reasonable cost • Plsass allow four to six weeks from the date of
this letter for R’riS to have copies of the report avai lable .

An impor tant aspect of the D Safety Program will be the impt snt*tion
of the reciemsadations med. as a result of the inspection . Wa accor dingly
request that we be advised of proposed actions taken by the State to
impl nt our reco sndations.

Sincerely,

1 lad -— JANES C. TON
As stated Colonel, Corps of Engineers

District Segineer

C opies furnished: 
. -

Q Dirt C. Hofman , P .R., Deputy Director
Division of Vate t Resources
N • J .  Dept . of Sevir~a...suta1 Protection
p. 0. lox ~IO29
Trenton, NJ 08625

J~~~ o’Dsvd,Mtims~~ ieflarson .f Wised PlAin Msnagsaent
Division .f Water Passsrcss
B. J. Sept. of Sevir.~~ satai Protection
P. 0. I.e CPOI9

Trestle, NJ 08625

.
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CORPS OP ENCINEERS ASSESSMENT OP CEWRRAL CONDITIONS

cp~ OAK RIDGE RESERVOIR DAN (NJ00014)

T his dam was inspected on 30 November and 6 December 1978 by Langan Engineering •

Associates , Inc., under contract to the State of New Jersey. The stats , •

under agreement with the U. S. Army Engineer District , Philadelphia,
had this inspection performe d in accordance with the Nationa l Dam Inspection
Act , Public Law 92—361.

• 
Oak Ridge Reservoir D , initially listed as a high hazard potential structure • 

-

but redu ced to a significant hazard potential structure as a result of this
inspection, is jud ged to be in fair overall condition and the spilivay is
considered adequate . To insure adequacy of the struc ture , the following
actions , as a minimom are recommended:

a. Within six months from the date of approval of this report , engin—
eering studies and ana lyses should be performed to determine the dam’s
embankmen t and foundation condition and structural stabilit y . This should
include test borings to determine material pro perties relative to stabilit y.
Any remedial measures found necessary should be initiated within calend ar
year 1980 .

I I Q b. Within three month s from the date of approval of this report , the
following remedial actions should be completed :

(1) Completely plug anima l burrows in the downstream face of the dam
and provide protection against future anima l burrowing into the embank ment .

(2) Investigate the vet spongy area downstream of the dam to confirm
the source of the spring reported to be in the downstrea m area of the
embankment and take r.quir.d corr ective measures .

L 

- 

(3) Debris should be removed from the spiliway discharg e channel.

c. Within six months from the date of appr oval of thi . report , the
following remedial actions should be completed : • 

-
_

• (1) The open joint and spelled and cracke d concrete on the spillvay
wstr should be repaired .

(2) Investigate leakage throu gh the rock at the outlet ch~~ .r and
• evaluate the stab ility of the rock under extreme flood conditions .

(3) Raise the elevation of the platform from which the valves in

~~~~~~~~~~~~~~~~~~~~~~~~
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the gate chamber are operated so that operation of the gate . is possible
if the chamber i. flooded .

(4) Investigate the present and future effects of the root syste. of
the trees located at the right of the spillway discharge channel. If
necessary the trees should be removed.

(5) The left abutment of the spiliwsy should be investigated and if
necessary strengthened.

~~PR~~~~ : ~~~~~~~~~~~~ ~~~~~~/rAM!s c. Tot J

- I  Colonel , Corps of Engineers
District Engineer

DATE: i )l~r.y ~2’7

5 - .
-

______________________  
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PHASE I INSPECTION REPORT 
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NATIONAL DAM SAFETY PROGRAM

NAME OF DAM: OAK RIDGE RESERVOIR DAM

ID NUMBER: FED ID No. N)00014

ri 
STATE LOCATED: NEW ZJERSEY

- 

COUNTY LOCATED: MORRIS

STREAM: PEQUANNOCK RIVER I ~RIVER BASIN: PASSAIC

L~~
t DATE OF INSPECTION: NOVEMBER 1978

5-— —

ASSESSMENT OF GENERAL CONDITIONS -
~~~r Oak Ridge Reservoir Dam is over 60 years old and in fair overall condition.

• There are animal burrow holes in the downstream slope. The spiliway concrete
- has cracked and spalled. There is a large wet spongy area downstream of the ‘

5-

• 
- dam. This area may be fed from a spring reported to be in the foundation rock.

- 
- Leakage is occurring through the rock on both sides of the outlet chamber. The

spiliway capacity as determined by CE screening criteria is adequate. We
estimate the dam can adequately pass the PMF. -:

~ • I
We recommend the animal burrows in the downstream face of the dam be -

~
completely plugged and protection provided against future animal burrowing into • 

-
~~

the embankment. This should be done soon. The wet spongy area should be •

investigated, the source of spring reported to be in downstream area of the
embankment should be confirmed and required corrective measures taken. This
should be done soon. Debris should be remoied from the spiliway discharge

• - ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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channel. This should be done soon. The open points and spalled and cracked
- 

concrete on the spiliway weAr should be repaired. This should be done in the near
- future. Investigate the engineering properties of the dam and foundation mater-

ials by means of borings and tests. This information should be used to evaluate
and confirm our assumptions of the degree of stability of the dam under different
stress conditions. This should be done in the near future. Investigate leakage

5- through the rock at the outlet chamber and evaluate the stability of the rock
under extreme flqod conditions. This should be done in the near future. Raise

-: the elevation of- the platform from which the valves in the gate chamber are
- 

• operated so that operation of the gates is possible if the chamber is flooded.
- This should be done in the near future. Investigate the present and future effects

- of the root system of the trees located at the right of the spiliway discharge
channel. If necessary the trees should be removed. This should be done in the

• - near future. The left abutment of the spillway should be investigated, and if - -

necessary strengthened. This should also be done in the near future. 
•

Dennis 3. Leajy, PE.

5- 5- , 
If

H:

41
0

~j-~~~~& ; ~~~~~~~~~~~~~~~~~Ij~~ -~~~~~~~~ •~~~~



~~~~,1

• ~~~~~~~~~~~~~~~~~ 1 

—

~~~~ 

_

‘—I Cfl ~z1
~~~~~~~~~~~~~II I ru ruI 5-- 

~-~~~~ Q
_____ 0

.5 -

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— -

~~~~ ~
‘ 

4F - ~-r~- - -~ -À
,
i~~~

. ~i1c
5- _ _ _

- 1:. ~~~ _ _  _-— — -~~~~~~ ~~~~~~~~~~~~~

. T  P 
.T . - - ..

~ ~~~~~~~~~~~~ ~~-~5-~~~-



-

~~ 

—
--5- ‘,—

~~~~~~~ 
- 

~~~~~~~~~~~~~~~~
- —— •— —-———-•—- __ . . 5-_ _._ .~....____ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ - — .5--—

~ 
I

-
~ 1— -

~

PHASE I INSPECTION REPORT 1

- 
--
~ 

- 

NATIONAL DAM SAFETY PROGRAM

• I 

NAME OF DAM: OAK RIDGE RESERVOIR DAM

• ID NUMBER: FED ID No. N300014

- STATE LOCATED: NEW 3ERSEY
I 

COUNTY LOCATED: MORRIS 
-

STREAM: 5- PEQUANNOCK RIVER -

RIVER BASIN: PASSAIC -

DATE OF INSPECTION: NOVEMBER 1978 -

~~~

i.

~~

. L• 5-
.
~~ ! I’ -

~14 
~~ 

IIIUUUIU LANGAN ENGINEERING ASSOCIATES, INC.
Consulting Civil Engineers -

990 CliFTON AVENUE
CUF1ON,NEW JERSEY

- ~~~~~ 
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations. Copies of
these guidelines may be obtained from the Office of Chief of Engineers,
Washington, D.C. 20314. The purpose of a Phase I Investigation is to identify

• expeditiously those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon available data and
visual inspections. Detailed investigation, and analyses involving topographic

• mapping, subsurface investigations, testing, and detailed computational evaluations
are beyond the scope of a Phase I investigation; however, the investigation is
intended to identify any need for such studies.

F In reviewing this report, it should be realized that the reported condition of
the dam. is based on observations of field conditions at the time of inspection along
with data available to the inspection team. It is important to note that the
condition of a dam depends on numerous and constantly changing internal and
external conditions, and is evolutionary in nature. It would be incorrect to assume
that the present condition of the dam will continue to represent the condition of
the dam at some point in the future. Only through continued care and inspection 5-

can there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic and • -

hydraulic analyses. In accordance with the established Guidelines, the Spiliway
Test flood is based on the estimated “Probable Maximum Flood” for the region .

5-

(greatest reasonably possible storm runoff), or fractions thereof. The test flood
L provides a measure of relative spiliway capacity and serves as an aide in

determining the need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and - the downstream damage
potentiaL

J
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- - SECTION 1 PRO3ECT INFORMATION

1.1 General

Authority to perform the Phase I Safety Inspection of Oak Ridge
Reservoir Dam was received from the State of New 3ersey, Department of
Environmental Protection, Division of Water Resources by letter dated 20
November 1978. This Authority was given pursuant to the National Dam
Inspection Act, Public Law 92-367 and by agreement between the State and the
U.S. Army Engineer District, Philadelphia, Penn. 

•

~~~

The purpose of the Phase I Investigation is to develop an assessment of the
general conditions with respect to safety of Oak Ridge Reservoir Dam and
appurtenances based upon available data and visual inspection, and determine
any need for emergency measures and conclude if additional studies,
investigations and analyses are necessary and warranted. The assessment is
made using screening criteria established in Recommended Guidelines for-
Safety Inspection of Dams prepared by the Department of Army, Office of the

• - Chief of Engineers. It is not the purpose of the inspection report to imply that
a dam meeting or failing to meet the screening criteria, is per se, certainly •

adequate or inadequate.

1 5-

• 1.2 Project Description

Oak Ridge Reservoir Dam is over 6oyears old, 60-ft high, 1275-ft long
earth dam with a concrete core and spiliway. The spillway crest is 375-ft long

• and is an ogee shaped over-fall with an 11 ft drop. The upstream and
downstream slopes of the dam are 2 her to 1 vert.

• The original dam was constructed in 1914 and was raised in 1917 to
- provide an additional 10 ft of water in the reservoir. Very little information is

available concerning the design and construction of the original structure.
Drawings dated 1892 show the top of the original dam at el 842.5 and the top of

• the core wall at ci 838.4. The maximum height of core wall is about 75 ft. It is -:

5- 5 ft thick at the top and 8 ft thick below the dam. Drawings indicate the
bottom and left abutment of the wail are founded on rock and the right
abutment appears to be on gravel.

Raising of the dam included widening the dam on the upstream side. This
was done during the dry season when the reservoir was practically empty. The
work included raising the core-wall by building an additional 10 feet thereon and
re-enforcing the earth embankment on both sides of the core-wall; raising the
spiliway by building an entire new spiliway on the upstream side of the original
spillway; raising the outlet chamber 10 feet to conform to the new flowline and 5-

- 
connecting the chamber as raised with the new spulway and raised earth dam.

— 1—
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The upstream side of the dam is riprapped and the downstream surface is
grassed and has a 15-ft wide berm. There is a maso~’y chamber built into rock
for the outlet works. There are four 42-in-dia outlet pipes passing through the
chamber. They originally had reducers m d  3O-u~ gate valves that were operated
from a platform at the bottom of the chamber with 42-in flap valves at the
reservoir face of the chamber. In 1953 two of the 30-in gate valves were
replaced with 18-in ~oto valves and the flap valves were overhauled. These two

• valves are used regularly to release required flows of 10 to 45 gpm. The
discharge channel is a rock gorge at the right of the spiliway leading to a stony

• stream bed that passes under Berkshire Valley Road.

Operating procedures for Oak Ridge Reservoir Dam consist of releasing
water from the reservoir to maintain a balance of required water in other
reservoirs within the Newark water supply system.

The dam is located south of Route 23 and north of Berkshire Valley Roag
• in 3efferson Township, Mo~ris County, New 3ersey. It is at north latitude 41

• 2.4’ and west longitude 74 30.7’. A regional vicinity map is given in Fig 1 and
essential project features are given in Fig 2.

Oak Ridge Reservoir Dam is classifed as being “Intermediate” on the basis
of its maximum reservoir storage volume of 15000 ac-ft , which is more than 1,000
ac-f t, but less than 50,000 ac-ft. It is also classified as “Intermediate” on the
basis of its total height of 60 feet, which is greater than 40 feet and less than 100
feet. Accordingly, the dam is classified as “Intermediate” in size. 5-

In the National Inventory of Dams, Oak Ridge Reservoir Dam has been • 
• 

- •

classified as having “High Hazard Potential” on the basis that failure of the dam
would cause excessive property damage to residences downstream, and could —

potentially cause more than a few deaths. Visual inspection of the downstream
area shows that breach of the dam would cause little damage to residences
which are located on high ground but could be hazardous to people utilizing the

• low lying Berkshire Valley Road. This road is a heavily traveled secondary road.
Accordingly, it is proposed to change the Hazard Classification Potential to
“Significant.”

• The dam Is owned by the City of Newark, Department of Public Works 787
Broad St., Newark1 New 3ersey 07102. The purpose of the dam is water supply.

4 1.3 Pertinent Data

a. At dam site, the drainage area is 17,308 acres (27 sq mi)

~1* 
-2-

~1• o
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - •  

. - - • --
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Maximum known f loud at dam site: Flood of 9,10,11 October 1903 gave
I 2.4 ft over old spiliway which was

r 350 ft long. Runoff during peak of
- 

1903 flood equaled 145 cfs per sq mi.
New spiliway is 375 ft long.

Ungated spiliway capacity at
maximum pool elevation: 27,225 cfs

Total discharge capacity at
maximum p001 elevation: 28,697 cfs - -•

(including four low level outlet pipes)
b. Elevation (ft above MSL)

Top of Dam: El. 852.5

Maximum pool-design surcharge: El. 851.5 (estimated)
-
• Spillway Crest: El. 845.5 ~z-~

- Streambed at centerline of dam: El. 790. (estimated)

Maximum taiIwater~ Approx. El. 792.5 at time of inspection.

c. Reservoir

Length of Maximum pool: Approx. 13800 feet •

Length of normal pool: Approx. 13700 feet

d. Storage (acre-feet)
- 

- 

Normal pool: Approx. 12000 AF
- Design surcharge: Approx. 14550 AF - -

- 

Top of dam: Approx. 15000 AF

e. Reservoir Surface (acres)

Top dam: 432 Acres (estimated)

I Maximum pool: 432 Acres (estimated)
-

- i Spillway crest 421 Acres

0 -

~~~~

• -~~~~~~~~ - - •: ~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~
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f. Dam

Type: Earthf ill with concrete core wall
- Length: Approx. 1275 feet

• Height: Approx. 60 feet

Top width: 20 feet

Side Slopes: 2 her to I vert

• Zoning: None observed - 
- 

-

Impervious core Concrete core wall

Cutoff: None observed

Grout curtain: None observed

g. Spiliway

• Type: Overfall; ogee shaped

Length of Weir: 375 ft 5-

Crest elevation Elev 845.5 ft

UIS channel: Cut into rock

0/S channel: Apron leading to rock gorge

h. Regulating Outlets

Type: Four 42-in-dia outlet pipes with flap valves

5- 

Two 30-in gate valves and two 18-in cone valvt ~.

• Length: Approx. 34 feet

SECTION 2 ENGINEERING DATA

2.1 Introduction

No data is available concerning the design of the dam. The available j
information concerning construction of the raising of the dam in 1917 consists I -

P — 
of written specifications and drawings. These data indicate good judgment and

* () practice was used with respect to the standard of practice prevailing in 1917.

~ti _ _  

_ _  

_ _  

H
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The dam operation consists of releasing water to maintain a balance of
- water in the other reservoirs to the Newark Water Supply system. Operation is

an on-going balancing process where 10 to ‘iS mgd are released during most of
the monttn in recent years.

* 2.2 Regional Geology

Oak Ridge Reservoir Dam is located in the New 3ersey Highlands
physiographic province. The New lersey Highlands extend across the State in a

• northeast/southwest direction from the border of New York to the Delaware
River and includes the northwest portions of Hunterdon, Passaic, and Morris
Counties and the southeastern parts of Warren and Sussex Counties. This
province is part of the New England Physiographic Province and lies between
the Appalachian Ridge and Valley Province to the northwest and the Piedmont
Province to the southeast, See Fig 3.

The Highlands are characterized by rounded and flat-topped
• northeast/southwest ridges and mountains up to 1,400 ft high separated by

narrow valleys. The orientation of the valleys is usually, but not always
• controlled by the underlying geologic structure.

Bedrock of the region is predominently Precambrian gneisses, schists, and
• metasediments. Some sedimentary strata, typically sandstones, shales and

conglomer ate have been infolded and infaulted into the valley bottoms.

The regional geologic structure reflects the very old age of bedrock. A
number of regional faults cross the area in a northeast southwest direction,
including the Ramapo Fault; the more than 30 mile long fault/scarp forms the
eastern border of the province. Faults control many of the river valley
orientations. The relatively uniform slope of the mountain elevations, from
northwest to southeast, is a direct result of the faulting. The entire area is part

- 
• of the now dissected Schooley Peneplain. 5--

The Pleistocene Age Wisconsin glacier covered all of the dam site area.

The glacier stripped most of the existing overburden and weathered rock I -

• and uncovered the nitnerous hard bedrock knobs and ridges seen throughout the 
~~
. :~,

5- province. Most of the side-slopes in the area are covered with heavy boulder f ~tills (ground moraine),whereas glacial outwash and recent alluvium cover the
valleys. 5-

H!

1 SECTION 3 VISUAL. INSPECTION

A visual inspection of Oak Ridge Dam and appurtenances was made on 20
- September 1968 by the Newark Municipal Utilities Authority. The results of

• this inspection are summarized below: - 
-

•

• ‘ - 0

- 

-5-
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- • Upstream face is riprapped, no displacement. Downstream
face is grassed and has a 15 foot berm with no erosion or
animal burrows. Crest of concrete overflow section is level
and smooth and has concrete abutments at ends. Upstream

5- slope is riprapped. Downstream channel is paved with large
stones chinked with small-aggregate concrete in 1956. No - 

-indications of leakage, but reservoir level is well below
spillway. Slight spalling of end abutment walls. Also noted

- was a small spring at west end at bottom of downstream
5- - face of dam. The spring is reported to have existed many

years and to come from the rock and not from the
embankment.

During our inspection, animal burrow holes were observed at the
downtream toe. There is a relatively large marshy area downstream of the

• dam. No boils were observed but flow of approximately 40 gpm was observed in
a drainage Dit at the edge of the marshy area. This may be from the spring re-
ported in the 1968 inspection. The riprapped upstream slope appears in good con-
dition.

The concrete spillway has cracked and spalled. The spiliway wing walls
5- also have small cracks. The paved spillway apron has substantially depressed

approximately one foot below the top of the bottom section of the spillway
wall. The original construction may have been performed in this manner.

The 18-in cone valves in the outlet chamber are functional and can be
hand operated by one man. It is reported there is no need to operate the 3Oin
gate valves, consequently, they have not been used for about 23 years. The 42-
in flap valves have also not been operated for a long period. The valve

• operating platform is at el 803 which is about 20 ft below the reservoir.

The outlet channel is incised into rock adjacent to the outlet chamber I -

with lessening rock excavation proceeding downstream. Water is leaking from
the rock at both sides of the downstream side of the chamber at an estimated -

5-

rate of 20 gpm. The channel runs under Berkshire Valley Road and into a
• winding swampy area to the Pequannock River. There is a small amount of

debris in the channel north of the road.

.

14
SECTION 4 OPERATION PROCEDURES

- - Operational procedures consist of releasing water from the reservoir in
response to direction from the Newark Water Supply offices in Little Falls, New

I 3ersey. This is done to maintain a balance of required water in other reservoirs
within the water supply system. Water is released by opening the two 18-in
cone valves. These valves are maintained about four times a year.

- ~~~~~~~~~~~~~
. _ _ _ _ _ _  
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SECTION 5 HYDRAULIC/HYDROLOGIC

The hydraulic/hydrologic evaluation is based on a Spiliway Design Flood
(SDF) equal to the full Probable Maximum Flood (PMF) chosen in accordance
with the evaluation guidelines for dams classified as Significant Hazard and
Intermediate in size. Hydrologic design data for this dam is not available. The
PMF has been determined by developing a synthetic hydrograph based on the
maximum probable precipitation of 22.1 inches (200 square mile- 24 hour).
Hydrologic computations are presented in Appendix 4. The PMF determined for
the subject watershed is 19,441 Cf s.

The capacity of the spillway is 27,225 cfs which is higher than the SDF.
Therefore, the spillway is adequate and there is no overtopping potential.

Drawdown of the reservoir has been evaluated considering that all four
outlet pipes are utilized for lowering the lake. Our calculations indicate that
the lake level could be lowered 48 ft in approximately 6 days.

SECTION 6 STRUCTURAL STABILITY

No information has been made available concerning the foundation and
construction material properties of the dam and appurtenances. Consequently,
analytical evaluation of the stability cannot be made. However, it is our
opinion based on our site inspection and review of the construction *

specifications and drawings that the dam and appurtenances have been designed
and constructed using good engineering judgment and practice prevailing at the
time the work was done. The dam and appurtenances are assumed to be stable
under static loading.

Oak Ridge Reservoir Dam is located in Seismic Zone I of the Seismic
Zone Map of Contiguous States. The degree of stability of the dam and
appurtenances is assumed to be within conventional salety margins and to .. 

-

present no hazard from earthquakes. If, however, the Seismic Zone rating is f~ 
•-

~
- ,.

seriously increased in the future, or data becomes available to indicate it may
be incr eased, further study with respect to seismic stability may be necessary.

L

SECTION 7 ASSESSMENT, RECOMMENDATIONS/REMEDIAL MEASURES

7.1 Assessment

Oak Ridge Reservoir Dam is over 60 years old and in fair overall
condition. There are animal burrow holes in the downstream slope. The

5- 
spillway concrete has cracked and spelled. There is a large wet spongy area 5-

-7-
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- 
- downstream of the dam. This area may be fed from a spring in the foundation

rock. Leakage is occurring through the rock on both sides of the outlet
chamber. 

5-

The spillway capacity as determined by CE screening criteria is adequate.
We estimate the dam can adequately pass the PMF.

7.2 Recommendations/Remedial Measures 4

We recommend the following remedial measures:

1. Completely plug animal burrows in the downstream face of the dam and
provide protection against future animal burrowing into the embankment.
This should be done soon. - 

-

2. Investigate the wet spongy area and confirm the source of spring reported
to be in downstream area of the embankment and take required corrective
measures. This should be done soon.

3. Debris should be removed from spiliway discharge channel. This should be
done soon.

4. - The open joint and spelled and cracked concrete on the spiliway weir
- - should be repaired. This should be done in the near future.

5. investigate the engineering properties of the dam and foundation mater-
ials by means of borings and tests. This information should be used to
evaluate and confirm our assumptions of the degree of stability of the
dam under different stress conditions. This should be done in the near
future.

6. Investigate leakage through the rock at outlet chamber and evaluate the
stability of the rock under extreme flood conditions. This should be done .- -

in the near future.

• 7. Raise the elevation of the platform from which the valves in the gate
- - chamber are operated so that operation of the gates is possible if the

chamber is flooded. This should be done in the near future.

- 

- 

8. investigate the present and future effects of the root system of the trees
located at the right of the spiliway discharge channel. If necessary the
trees should be removed. This should be done in the near future.

9. The left abutment of the spiliway should be investigated and if necessary
strengthened. This should be done in the near future.

-8-
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Flow approx. 40 gpm.

OAK RIDGE RESERVOIR DAM - -
2-9

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
_____ — - - - - - - -  ______



5* 

- _ _ _ _-

0

APPENDIX  3

- 

I-WDROLOGIC COMPUTATiONS

r .
OAK RIDGE RESERVOIR N5*

— -



- 5-~~~~~~~~~~— --’ - ---c .-- - —u~’~j~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
-‘ -~~~~~

“ 

~~~~~~~ _____— —~~~ -
- - 

-- - 

- 
-
~~ 

.
~~~~~~~~~~

. - _ _ _ _ _ _ _ _ _ _

LAPIGAN ENGINEERING ASSOCIATES. INC.

- o

~~~~~~~ ~~~~~~~~ u~~Pi~~o~~~�_ 
-

O~~ ~ iWr-~~ R~~~~ y osQ~ ~k~A

_ _ _ _ _ _ _  ~~~~~ ~.OUAs~t./ iU.i . ~~~ +&c. 2iv~e,, ~~~~~~

• 
_ _ _ _ _ _ _ _ _ _  

g~ ;10g &c~r~~ ;. 2s7~~~~.Mj . :

La.k, Av-~~ 4 ~4 a~ v~e-~ 
- 

-

_ _ _ _ _ _ _ _ _ _ _ _  I VJt ,4L~A4.1414~..
_ 1I~5*~ ea..-(t~ -

~~~ ¶L~ (ci)~~ IPL e~~~~~~~~. ~~& ~~~~~~~~~~~~

~~~~~~~ Xvu~ ~ ~~ J.( bc~ .4t4. - ~~VE s ~ ~~~~ 
-

NA?

i. ~~~~~~~~~~~ ~~~~ 4i~e.4 1Ij ~~Q~~ & I ~~~~ ~~~~~ki 
*

P 11? = ~~~~~

~~ . ?M~~ ~~~~~~ b.~ c~~jU.-StLdL 4r~r~~~ t~ iv ~ ~~~~~

• / ‘
~t2(Xirf (4~ 2f lj -

~~
%

~ ~~ - ~~~~~~‘~~~~~~ -~~~‘~~‘

JJo r(5*V.Ii 
~~~~ i 

_ _ _ _ _ _  _ _ _ _ _

O- ~, 1oc~ ~~D ’Z. 
. g 2,

0—f L .  113 I’?
• ~~~~~~ p.3 l 2 .~~Z.

132. 134 ~~~ -
~~ ~~~~ ~~~ .b •

5 * .

BV.~~~~
_ DATE~~ I~S .~~ O~k ~~~~~ It 

T~~~S.A. JOS NO._____________

CKl~~~~~~~~ DATE 1•~~-,~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  SHEET NO . OP_____

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
-



_______ ~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _ _ _ _

f 

- LANGAN ENGiNEERING ASSOCIATES. INC. 1
i
-

LA.it’r4 ~~~~~~~~~~~
• p 

~~~~~ 
~~LL i1j ~t eJ.~eA 

- 

~~ 4z,- 14t4L.~(
• 

~~A- IA~&4dL 3t.4t~~& k~~ ~~~ &&

Cst. = •Z ’ O  C.p = o .# 
S

I

~~~ C4 ( L.L~~~
’

L~ ~~~~~~~~~~~~~~~~~~~~ - 1-
~~~ = ~~~~~~~~~~~~~~~~~~~~~~

S ~~~~~~~~~~~~~~~~

‘
~~ ~~~~~~~~~~~~~~~~

:• ~ -i~ ~~~~~ 
Cp~ e.~

*

5

0

5* 

BY_____ DATE 4 1~ bik~!.~’Ij is ~~~f A i-I~’Di r 
~~~~~~~~~~ JOB NO.____________

- (& :~ 
Ckr)t~~~ DATI4..3~~~

_ SHEET NO. OP_____

~~~~~~~ ~~~~~~~~~~~~~ 
-



5~5 
-

‘ 

-
~ 

- ~~~~~~~~ - _ 5- • 5- 5-
~~5~ ‘—5*- 515_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 5* — Y r-5. - - 5* 

- _ ;i~~~~ - -  -
- - - - - — * 

55* ~~S5*5*5*5*5*~•~5-~ - -

~i~

- LAPIGAN ENGINEERING ASSOCIATES. iNC.

‘~ PiLLt~p’( CAPpc~CjT

- �ieX~~ (c2r4) ~~~&~k~s.itJ~�AtpZ’,. (Tip.)
I ~ I•E~~~C 

7-o’

- 
D) ~~tlt dr. t~I%* C, fer ~~~~~ t~ kg tf ~Ph Arc~k~ 

h

j)

IZLJu3

- 

I 

‘1’W~t OII ~~tt~ m~ ~icZ~~~~, ~~~~~~~~

4b T~L~ Le ~1-3 D” 
p~~~~
. ~~~~~~~~~ 

~~ ~4~~ *4. ts ”

b~1 A .k. I~~LOP~~~, ~~~~~~~~~k$4L t&i. ~j~Sj~~ 4~,t., H~ ~~4 ’

S C, ~~~~~~~~~~~~~~~ ~~~~ ~~~ D~~~ ~~~~~~ 
“

t>.(. b .~~~~~

5

* - 

C. = 3 ~~~~~~~~ I

~~~~~~~ ~ &L eo4p c~~~-t- 6e~( t~4~~~°’~ fr.&. P~
~~ 

~ 
L.= ~~ic

’ fo~ ~pil~*,cz~.
5-

~~~~~ ~~ 37S 
—

~ ~~~~~ ~~
‘

~~~~~“ ‘~~ ~~~~~~~~
LA.~~ C - ~ ?.~~ t~-..L 

.M4~ L q—~ -

- .‘.~~~~~2.7oo H ’

‘1 
*

_ _ _ _ _  DA TE _ _ _ _  ~~~~ t~’ - JOB NO. i~~ 1~ 3 ~ I

4 ___  

CK~~~~~fl OATE~~~~~7~ — SHEET NO. ~~ 
/ 0

‘y ~~ - —  ;c •~~~~~ — n .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

.Y • - 1 •s~ 
; ~ 

5 5  fr ~• 
S~5* - 

I -

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~
-
~~~~~~~~~~~~~~~~~~~~~~~- ~~~~~~~~



~~~~~~~~~~~~~~~~IIi ~~T :~~~~~~~~~: ~~

LANGAN ENGINEERING ASSOCIATES. iNC. J ~
(-~-r tpitLt~~.~.‘1 -

&~= -
~~~7s• c..I•I

&~~~ ‘i.1o~ 1i~’ ~~~ -

_ _  _ _  _ _ _  ~~~~~~~~ Th-€ (
~) 

-__ -

(fr) &t) C7 
~~ IZ) m) 

_ _ _ _ _ _ _  — 5*

o 
- o

I p 4C o-87 3~~ i P4 1
Z o$ o-’tZ 3-~~~~~f 3773 

-

3 0..-?c d-’,~ 3~~~~4 713Z ~~~
4. 1.0 t•~’o 3 S 1  (1430 j 14~~o

~~~ r ~
- 

I-~~~~~~ (.03 3~~2 (b4 ~c - i - 

- 

1
— 

- — 3~t?~. ~s6~c
- 3-ft  ~~~~~~~~~~~~~~~~ 

a o z7t~r

~r-~.r 
g — — 3.’~7L ~3)~~ ( -i.7~~ S5~~~2.. E4.$Sz-~

gc4 .r — 
~~~~~~~~ ~~3~~

o ~~~ 7~~~~~37 (~i3~~~~~7 .

~~ çC ~o - — 3.f L 4.L~+~ ’ 3 14~c3~ ~~~~~~~

* r#~ ~~~~~ C ~ 1s . c w3~q~.. 
4

1~

BY.______ DATE L ’~-~ ~ k 2 . (i# ~~~ Cs~-iir,,i if 7)4~~~ JOB P40.
A In

CKO6~~ t~ DATE á
~~~

)1j SHEET NO. ~r 
_ _ _ _

_ _ _ _ _ _ _ _ _  
_ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

I
~~~~~~~~~~~~~~~~~ —

~~~~
S 

_ _ _ _ _



dUU~U ~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

Iu1
~~~~~ 

-

*

LAPICAN ENGINEERING ASSOCIATES. INC. J
-r

f..

\

\
5* 

~~~

.
- 

_

- - -

- :  \a a - -
V

i i - I-

eJ. o
* ~

‘f l--! ..
~

-
S

.

I ~.

‘#4

\
\ m

‘5*—’ - \ H
g) 

‘
-.5
’ 

V
* - 

~~ V
5*.

- \ -
S - N

‘5*.) -~~~~~ 5 ,

Or, -~~~
5*

- 
5*6

2

.9 4

~~ ~~ :4~ ‘.~~ ~~~~~~~ 

~~~~~~~

0
BY _ _ _ _ _  DATE I’~~~~~~~~11 1)AL ~~ t1 A. -~ S.4”~~ 

t)~~- JOB NO.____________• 
~~~~~~~~~~~~~ 

‘ I

CK D-~~~
Q DATE & 3..2t - SHEET NO. OP 0 — 

s 

-

___ _ i~ 2~I~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~



- -~~ 
55* 

— - -
~~~~~~~~~

- 
-——5- —~~~~~~~~~~~~ — -—5* - --- - -- - - -

_ _ _  _ _ _  ____-

LANQAN ENGINEERING AUOC*A7E$, INC.

- U -L~Lqvo~r %J4w14t~ ~&r~
J
~

* 
M~ 

M4a~L ~ A.~~ 4~ z~~ ~~~ 1~ ~~~~~

- ~ç ~&L 14JC. i~.i~& t~.ttop. . ‘~4~~ aX a~ %a..~u ç4b v
~~~~~~ 

S

- d~ crt4 ~~ 4L

L~k~ ~ L~~~~~~~~~ / k~r~~

* ~~~~ ~ç ~~ ~t~X ~~ ~~~ ~~~
-

1~&L o~,c..ra~~t ~~~~ ~~~ ~ ~ 1/: 4-N
‘- -Far L~t,t~ ’~ f~ot~ ~ ~uJs.’ a-~uv~ 4&~ c t ~~ ,~ ~~~~~~~~~

~L 1 ~~ <j i~~~ %~~ ~k~ri~~~L~

L’~~~z .~ c- ct- -

5* Fk.~. ‘4 L4
M4&.~~

. I - . f ~~~~~ 4(fr ’) 
_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  - 

~~~~~

• 4~~~~
.I

43 2..
10 43~~t. 437 -

S -
~~~~~~~

‘I . I
• 
. I
I •

~
, •

~~ C 
_ _ __ _  

-

5
-

F ~~~~ 
avj )~~. DATEfl~~~~ ‘~ •“ j’- ~~~~~~~~~~~ JOB N0. J ’  l f 3  ~

L~I 
CKD~~b DATE ’ -~~

)1 SHEET NO. 1 _ _ _

LI! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I 
-

- 
- 

- 

-
5* 

LANGAN ENGINEERING ASSOCIATES . INC. 
- 

- ,

- 
0 

~~UMMM2.’( Oc ~~~~ ~~T ~~~~~~~~ 2Msr.~.*
1. ~oj~s.p&~ Lt~~ &(~cdt~ 4( L~~ mj H~~C -t

~ ~4 F 4~k~ ~ ~~~ 4 r  O&~ 2.a1ttj e ~~ I4WOs P k / 144! ~&
j~j&c6.~~~~~ Le~ k~~.., 4L ~~~~~~~~~ 4 ‘~7”4~4 �.

-
- - i ’L~u~(~rz , 4~~ ~~~~~~~~~ - ttt~~& . t~~ ~~~ - 

-

~
..

-;
- 5-S

1*

BY j ’~7 DATE~~~ ,Z 7 g  
( aj IL i t 4.4 #arDt ... JOS NO. (.~~~~

1
~ 5-

CK DG~~? DATE 4.i.~ . - INUTNO. 7 oc 10 
-

LI 
_ _ _ _ _ _ _



5 —5’-—5~~ —5* ~~~~~~~~~~ — S~~~~~~
- ._—_ -

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

— 

- —______ __________ ____ 
— -- - -  - :-

- - 
LANOAN ENGINEERING ASSOCIATES. INC. J

~~~~~~~~~ 4W bo w iJ  hMA ~I.’(~~~~~~~~~

- 
5*

. 

1. O~~br ~~~~~~
-

~~ 4 4.
~~~ C~.L p-i~~ A.

2 OMtLt~ ~~~4e~4~

- 

5 a.= cP

S -f L&&& t 4 ~~~~~~~ .c~z :~

-

~ (A4L 1, = o-. ø -~.c , ~~~~~~ kp~” O.024 &J~~~~H S.c~~s .  
~~~.

- 

t.~-a-~ — q-~ a F ~~~ -‘~ _ . 
—

P — 
I 1 -t - 9.~ t. °-0V~ v34L —

.1 
- ~~~~

.
- £2.~ -

~~ ~.7. ~
S ~~~r - f ~iø.# 

~~~~~ 
a~~= ,q0 1-i .

~~Jr, ~~ .~ p.~pm. ~ 7’12.L k

- ~ ba’. (It) #1 11 1 Ut) ~ 
(‘~I.)~ - 

-

- 
- 

~ a4.r- r
• - g+~..c S~o

— ~~7.r 4-c !27r
40 /~

.o-
~
.-

-

~ 

- 
~
- gZ..7.r

I . I 30  ( U ’,’?

gr ~. t

- 

~~~ 5_ 4.
~
(•

0

I . ”--
BY 7)14 DATE ‘-~i’~ ~~~~~ ~~~~ )ai- I. JOB NO. ~1~—1fl ~

e •
1

CKD~~ 0 DATE _____  _______________________  SHEET NO. - -~~

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ - -
- 

~~~~~~~~~~~~~~~~~~~~~

- 5

~~~~~~~~~~
S -~i;~:- - __



5-5- 5* —— 
w w  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _  _ _ _

~ 

LANOAN ENGINEERING ASSOCIATES INC.

I C 3 . r9~~~~ .t*c.Z41.
~~
. ~~~~~~~~4i ~~~ �4o~9~. ~~~ ~~ “-F 

- 

~ I 2, Ooo A~~ .

t~ ~~~~~~ e~’t~~ v a.’ st I ~~~~~ 4.u~ #& 4i 5~~

a-r~~ - ~o-1hi~4 ~ 
q7.~ a rID.. ~ -.79 £(.Itc

-

- ~~

- 

~L~ f!t) 4r~~~ 
(A)~~~~~~ 4 S4pv~i.1..(~e4t3 T.1J 56’~L

- 

~~~~~~ 4tt 
~~~~~~~~~~~~~

4~~~~~~~

--It - 

7.~
-

~~

gi f t
2I7.c )2 .2..

-

~~~ 
-y 

- g’, ~-c g

- 

- 
f~7.S

-r’?-T.c . -

.

5 

I_i

_  
- 

- 

-1

- 
- S

-] BY.~~~ DATE k14 71 Pik ‘~‘- ‘~~~ JOB NO. 1~~~~
’
~ ‘~~

CKD~~~~ DATE 4.. ii~ SHEET NO. g o~J b



r ~~~ 
—

~~~~~

- 

5— -  

‘5-5- 5 -

- - L*NOAN S~~ S~~~~ ERIN0 ASSOCIATES. INC. I
-

t I I

- :  ~ 
(.L~ 4 4%4tu1~i& ~ f~~ 4v k �efs /Cj. ~~~~

~~~~~~~h =  ~~~~ ~~54 e f~. -

cLt~. (~c 4~ i. 
4 t (L.- .) (44

I;93 
~~~~ ! tl o  12-~~
(3~~o I’,.’?

D 2 ~o2. l ’-).3’j
- 

p7-C II’4 I/’ 3 ~go9 grr~~~ 
g-
~

S 

~~~~~~~2’C j o4 I 1O~~~~~3 1’

L - g17..r Sc •

4oo IO~” ir
-

- g—,~.f 
-79 3 ~~ I1Cj

~~~~ ~~~~ ~sc ~~‘1. 13

- ! 717-r 4~~~C 

4~~~~4 _______

-L - 

- 
br

-v

-
- 

,,
~ ~~~~~~~~~~~~~~~~~~

• .‘. ~~ Ats4’vv~r Ioi~i4fe.4 
~
) 4- I ~ ~~~ (a 41111

BV~~?’~’ DATE I
~~~~4I ~~~~~~ ~~~.u.m v ~~II~~ $ NO. X 7 I~~~~

CKI~~~~b DATE4~~II~ $HEET NO. (0 o, 1°
---

~~~~~~~~~~~~~~~~ 9~~ ~~~~~~~~~~~~~~~~~~~~~
-
~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ -



p. ~~~~~~~~~~~~~~~~~~ ‘— -5- —5*~S— ~~~~~~ 
~;r~.

5* 
~~ 

-5—-- - z~~ -~-- ~~~~~~~ ~=I~ Z•~ _____ ~~~ ~~
— 5-—

~ 
:~~ —~‘r-- -

~~~~
- 55-—_--..S—_-__~~ 5*u_ ~ ~ ~SYr-555 • - ~~~~~~~ - :  4’•’r~~!~~

5-’
~ 

5*—•.~~q”~

1_

. -  .
5 

- t _•, 
5 

‘ 

-S

~~o -
5

-
-- . -

.
- . 

- .
.

.
.

( _1 ~ ~~~ : 
——

~ ~ -‘~‘~~i r: 
; _ :  : i~~ I

T
.
l

5*
.5: 

~~ 

S

( 

I 
~~~~~~~~~~~ ~~~~ 

, j~~i~~~~~~~IT 1 - - - - . . - - - f  ~~~~~~~~~~~~~~~~ . 
$~~~~~~~ ~~~~~~~~~~~

~~~~. S 
~~~~.- : .  i ) ~~j~~t YrI 1 L - -

~~~
T - - -I - - -T  : .p .,- . 

~ 

.

I b + .
~J • _ -

~~~ 
~~.:1~~~~~

- - ,  •

~ 

I I .J ; i . ) . . : :~~ -~~:~~:j -i -i- ~
•
~1— - : ~ ~— ! . ! : : ! .~~~~~ ! •

~~~

S — —1—:— I -J_
~ ~~~~ ‘ I ~ I 111 ii-- -‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ i_ I
_ 

1 T ’ ~~~~~~~ ’ 1  i j:5i55
~ ir_:~= ~~~~~~~~~~~ 

r—i—— r

_ _L__.:•~_ I _ __ j _ I _ 1i_ _:_ _ I _ t I JJ ~ I —  ~~~~~~~~~~~~~~~~~~~~~~

_

t ~ ~ :
_ _ _ _  

_ _ _ _ _ _ __ _ _ _ _ _  _ _ _ _  _ _  L~tt •

! —i-
~~ Ef~~±’; ~ifi L~’± ~~~~~ 

j !~~
-V 100,000 I I I .~I4 —::- 

~ _- 
~~ ~ 

:1 ~:~: its~
1)$

~
t 

~~~
..

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘  
_ _  _ _ _

,
L-___---_ 

‘- - - -I  l~~~f - i :  —s - ’ —
~~

--
~~~~~

- --.-— s~~ ~~~~~~~~~~~~~~ 
- _ 

-

I~~_::~:_ I- ‘ —I——+ ~ -1 1.— ~-I--—— ’ -----— ’ - 
~~~~~~~ 

‘— __LI~±6. I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~e ~ ~ : ~~~~~~~~~~~~~~~~~~~~~~~ . # ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
!_::~~

-: I ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5

: ii~ 
tl_* 

.!_~
_:s

~
l I l l S  

1-~~~~ ._ ~4 -~. S ~ ~
33j 11.

~~~ ~~~~~~~~~~~~~~~~

- 1: :1 ~
-:
~;15 I 1 ll~-~:~~: 

— 
_ _ _

~~~~~~~ ~~~
-

~~~~~~~

5 Jj1~’ I :~ 
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~ 

,~~~~~~~~i. ~~~~~~~~~~~ : l - j H E ~~~~ -~ —~j~ i~ 
- - - 

.—— — I~4_-. —- -~ — • - _.~~~~
— 

~~~~~~~~~~ —

— :.:;:;:;i.;:.~.~;;s t :i~j:~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~
. ‘.  -  I I  I D~K S~~~ETY PROGR.?M

I t t~~~I II I- - - ::: j - . j I
_ _

~
_ 

l:I :::
1 ...: I... :j :  

- _ s — pp~
.
~~ jyEWpE:CU3VES

, ._~~ I ‘ I________ 1_ I. 1 ‘ I 5  
—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  
I .j: :.~~.I:. i~: :r:.;1.i~J ~~~~~~~~~~~~ POR

. . : . - . I _ :  I I:  —
. ::- :s ~ —

— I I  
I — — —~~~~- — -~ Ph~SAIC RAIiWAY & RAR IIAN EASUIS

4 1 — I - I - —— —— —
~~~~~ 

-— I - : 5 APR 78

~1,O0O i1 ii_ _L.if ‘ — I - i  1111 —~T l ~11~ I I f
1.0 ~ ~ ~~~

2 S
1~ 

- 2 1 1 ‘

- DRA tNACE AR~~ IN SQ. 711.

10  - 

- 

- 
. 

‘I
.

- 
•

- 

. -
5 .  - - 

-
- 

- •
.

- .~~~~~ - 
4.. - 

- ,~ 
L(t - - - 

5

- 

- -  S - - -T~ -~ —: ~~ ~
: -

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
S

- - - - - - ~~~~~S - - - -- - - - - - S_ _ _ 
- 

S
~~



• 5*~.9ri~~ .-’..
*
. 5*~ 

- 7—1j~ —• 5- - - -I- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —5;-- S 
- 

- 

-

~ 

.VL ~~
J •

- : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~~~~

I

” ~~~
• 

-
-

~~~~~~ 

- - -• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• 

~ -

I ~~~~~~~~~~~~~~~~ ‘S . 

‘
~
‘
~ - • 

~~~~~~~~~~~~~~~~~~~~~~ -
5* 

5 5 *
, 5

. 5- 
5 —:• . 

‘5, 

_
— _

_-‘
•
\ “  \ : 1 1.

-
.

~~~~~~

-
S 

•
~ 

.- 
S 

:~ ~ 

~~k 
~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~ 

1~~~~

5 
5- 

‘S 

• • • 

‘ 

5* 

~~~~~~~~~~~~~~~~~~~~~~ 
* 

~~~~ 
\ : - 

•

~ -

~~
- 

S 
I.

-
- 

• 

~~~~~~~ 
‘5*

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S S

- 
• . ‘ 

5- ~)‘.rj  .5 - 

-

• 

. 

- 
- : ~ •-

~
--:zl-’ ~ I 14~:~

•
~~~~~~~~ ~ 

•- 

~
‘ - - -  :- - 

-

~~~~~~~~~~~~~~~~~~~~~~~~~ 

S 

~ 

-

- 

- 

~~~

. .• 
- S 

~~ ~ 
•• 

• 

- 5 ~~

. 

- 

S 

• ~~ ~

•

• ~ •
• 

S 
;
f • 

•

~ ~~~~ ~~~~~~~~~ 

— 
~ 

. 

: ~ ~ 
• 

• 

• 
S

. 
~~ 

: ~

. :
‘ 

~ _ 

• 

~ 

i_
~ 

{ 

I~~ ~ 

_

~

~___::.:~ 
• ~•f~

¼ 
. 

- 
S 

~ ~-:~ ~ 
-

~ ~ 

I ,
-

~~~~~~~~~~~ 

- 

-
U 

• .
. 

S

. • •

~~
•
~ ~~~~~~ ~1.: ~ ~ 

•
~~~~

.•..

I 

• 5 :~ 
~~~ • 

~: - 

•-

..~~~

-

~~ ~ 

. .5— 
. 

.• . 
•: 

‘ ¶‘f .5
~~~ 

z

•1 ~~: ~~~
- • 

. ~‘i’
_
~

_ 
5 •

_

* 

~
5 ~ ~~~~~ 

~:. .

- 
- 

~~~~~~
S:i 

.~~~ 
I 

~~~ ~
I ~ 

4 
,4•~ S 5 r - % L  ~~. .

- - ,

• 
1~

• t
~ ~~ 

• ..;, • 
• , 

. - 
~•: ~ . .

• 
a ~ ~ •.

•
-5 - 

. . 
. 4 5* . 

-
~- . 

~: — — - 5 
•_‘. 5 * , -  5 .

•

__
- 5*. ,~ S • • I * ~~S~~ ~ .~~~~- - 5. -

\ •,:r~ ~
s4

~i:~
d:b:;, ~~~ 

~~~~ ~ 

• 5* — .5*.

:
‘ 

~~

‘

~~
- 

~ ~
‘
\ 

S ~~ ~ ~~~
• 

; 
:~~~~

-
‘ 

•

~~~
• 

~~~~~~ 
• 

~~ ~~~~~~~~~~ 
S .

- 

S 

~ ~~~~~~ 

• \_•~~~ 
5
’ 

‘S. .5. •
. -

. .~ 
. - 

- 

S 
• ::.. -~: -

~ 
~

_ 
- 

•,~ 
. -

- \ S • • 
• I 

• 
_ 

. 

‘ 
5*

.
~~ Pa il , 

~~~~ I_

i ~S

/ 
. t3~ 

• - 
~~~~~~~~~ .. -:- 

• . 

• 

- 

I; 
~~~ 

.: .,• 

- . 
~ - 

- :; 
~~

- -

, 
--, 5

. 

;~
4 5 •  ~~. 

~~~ 
• - _ _

\ S ~ 
- - - 

5* 
- 

I 
• ~ 

‘1 .



——5--—--- - - -— 
~~~~‘;~~~~~~~~~~~

—-—_.  5—--- -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---TI:--— -- - I
,< 

- 

5*

;•;-;7;———— 5’.
- - .  ‘~~ 

—
Si-- 

S ~ ~~~ ~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 7~ - 
- 

5*. _5*
II; _ •, ~~

i~~~~~
, . . 

. 
. I ~ ~

,) ~~. ~ 5* .~-..- -

~~:- 
-I 

~~~ 

, - 
. 

~~~~~~~~~~~ 

I
..

. ..:~~~~
:.

.. S - 
-S 

~ ~ 
4

5* 
- 5* 

• 
~ 

S ‘ ~~~ ~~~~~
-
. I - . /

ll 

- - • _ _
S

l(  

_ _ 
:~•_~~~~ 

- I ~ 

I Q

•
~ 

5 
l:~;~

=z;:.~\ .
4~~,’

S ~ : ~ ~ 

• 
‘

~~ S ~~~ r’~ ~~~~~~ 
: ~~~

- S 

~~~~~~~~ ~~ I ~ ‘ • :
C. - ~ ‘ a I

- 
5* - ~~~ s:— —- ~ - 

-\ \y • 
~ 

. S ~ S ~ 5-
)

i2’ S \• ~ k - 
-. . 

S 

~ ~ 
~~~~~~~~~~~~~~~~ 

I . • S S 

S ~~~. :

_ 5*•f ~__ 
~~ 

- — S .

“ 
S 

~ 

• (~ 
S 

‘44~~~~ 
I 

~~~~~~~~~~~~~ 
;;~

• 
5* . 5.~I1

~~ ‘ 
S 

~~~~~~~~~~~~~~~~~ ~~ 
1~ . 

~~ I ~~~~~~ 
~~~~~~ 5— 

5* -. ‘..• 
(

~~~~~~. 5 )  5* 5 ~~~~~~~~~ •

S 

~ / 5* 

• 

~~~~~ 
‘5 ‘-

~ ~ 5* - ~ ? 
-

I 
‘

•
:I~~ 5* 

‘

~

‘ 

1 ~ \~ 
S s .

” ~~ 
- 

c~
-

-
~~

-
_ 

~~~~~~
- 

5 

- 

. 
5. - 

5*

. .5. . 
- - - - 

i _
~I.

S 
.. ~~~~ 

5-
’ ’

— — 5 I~

.
5. 

. 
. • - 

S 

~~~~ _ •

5* 

_
I~ 

“
~ 

~ S ~ 

S % a 
_ 

• S 

_ • 
~~~

,
‘ - 

. S ~ 
• :~- 

•— 
5*
. 

5 ~

. . S 

~ ~ ~~~~ 

- I

a . • 
• 

5-I - .~— .• ..:~,
- . ~ ? 1L •

- . ~~~~: 
:~ ~~~~~~~ :~

- - 
N~

I . ~ ‘_
~~c ~::~ 

. 
• 

• - L’2~ ~~
_ _i , . 

I 
5-
’-.) ~ - 

• •-~;:-::: - •:~ -�-
~~~~~ ~ \ i:

-- ~~~~ 

.5* ‘
-

~~~ ~~~~~~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - . . .~ . 
• 

_
_5 5 5— -- 

*5.~~~~ _~~~ •c:~ ~ 
-

: . 
- • 5- -5- - 

• I : S
’- -. ~ ••

_

~~

5*I5* ~~~~~~
- . - I l  ~~‘ - 

•S_
\S .

_ _  ~ ~~‘I~•
5•

• 

~ 
-5 •% \ 

• S 

~ 
‘z•~

.

.

1l

.

,
. 

. 

-

~~(
5*
_:S

N~ 
- 

%~ ‘ c ,, C 
~~~~~~~ ~ . 5 

5* —. 

\d
~N\

. 
~~~:. \~

•
__~) 

i~: ~ 
\

. .. c~ ~ 

-

~ I—.,
, ~ 

- . 
~~~~~~~~ S

.5*
.’ 

. . . 
_•5.

~ .5*. . . , ;. ,_
f~~~I \ 

• 

S -: ~ ~~ 
_ ‘

~ . 
•

J. 
. .. a-. ~ ~, ~::. 

‘II.__) — I • 

\ _) .

5* ~ ‘~ S 5* ~
••a•*~~~_ 

- 
. 

S.
I ~ - 

- ~
,—

• c:~: ~ -

_

5* 

- - : 

5* 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ 

- - - ny-- -
‘ 

~~~~~~~~~~~~ •~~

S

~ 

-— 5*

5* 
- 

.~. - 

. 
- —

S 
S ~ ~ 

• 

S 
~~~~ 

~~~~~~~~~



~i: ~ 

- 

~
T;i 

5* - -y~~~ - 
~~~~~~~~ ~- - 5* ——5 5

4 k
~
3!

~r ~~~

- 
~~~~~~~~~~~~ 

~~~~~~~~~ 
: 

% ~j \ 
~~~

, • - - : -~ 
~ 

• 
l ’I.% . S ~ I

•~
4 ~~ •~ 

~ ~~~~~~~ 
S .

• — 
.5—

..~~••‘• 
• - cc; :- -~~~~‘~1~. 

•

~~ 
-

• 

~~~~~~~~~~~~~~~ ~ - :
~~ ~~~~~~ 

‘

_ i e ~~~ Y • • 
~ /- ~~~~~ ‘ 

- • 1
•;•_I_ _••_ 

- 5. 
- 

- 
(I ~ 

‘

~~ 

-
-S * 

- -
~

- ,.. 0-’ jI ó’-v
~ 

~~~~~~ , ~~~ ~~~~ ) 
-I ~~~~ ~~~S 

• 
~ ~ 

. 

‘
I • ~~~ 

“— I . ~~ 
I 

~ ~ J ~ 

* 

~ ~ 
• 

4_ S 
‘: • .)j~. 

• 
•I• • ~ t

•
~ ~ ~flI ~

~ 
S 

, , 
‘ 

çj
~~

1 
~~~~~ 

%
~~~~~~~t 

•

~ 
•~ 

•.c: 

•

~ ~ 
:It:k

k ~
‘
~~~

:-:T”-
~ ~~~~~~~~~~~~ ~~~~- 

-

- - 
j~_;~::~;~ .~~~~~• 

S 

~ 
•

~~~ 
t 

~~~~ :5*’ 

. 
~~ -:~

- 
~

‘ 

t

5* 
I - . - •1 

~
7

~ PlIb ~~- 
S -

k ’  :~5-. 
‘ # —wj,__ • -

- 
5
._ 

• 
? ~‘~44 * . *5*s.~ I(2 ‘: :b

- 
~~

- 
:‘ ‘ -~~ 

- . 
S- 

5*d~~
4
~~’.I ~~5- - 5 - . • - -

S ~ 
~::~-- ~ ~~~~ ~~ ~~~ I ~~ 

~ 
0
_3 ~ . ~ 

5*

4

- 

- 

0~ 

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
. 

I 

• 

~ ~ 

• 

~ 

. 

‘

~~~ 

-Th 
• 

•
~ ~ ~ 

S 

:. ‘ 
- ~. ~

- 
. 
- -

~~
- 

S 

~ 

_ 

~~~~~~~ 

• •  .5 -
5* 

- 
~~~~~~~~~~~~ _

, - - —  
0 • - . ~ 

- 4

~~~ - : ~V.’~I\ (5 5~, 
~I

- 5 
• 

; ~~~ 

-
-

S ~~~~~~~~ 
S ~~~~~

•
: 5 5  

:- ~~~ ~~~~~ ~ - 
-

..q ; - , -

.1 
• 

- 
- 

• 

: . 

~~ ~ ~

• : ~~ 

~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S 

~~~~~ 

-

I ~~~ 
~ ~ ~‘ 

-S ~ •
~ 

•
t’ I.-..

- 

- . c::z;~~ ~~~

I 
-
‘_ -~~ - --1 ~ 

.
S
~~~~~ 

5- - 
- - 

~~~ S ~~~~~ 
- -

~1 - 
• S - - .~~ • S S •5 

~~~~~ ~~ ~ 
• 

~~
* *~ 

*_.,S~ *_*~

•~ 
- 

- 
:- 

~

.—.-- •-
~~~~~ 5* 

‘F 
• 
\ 

a -5*- 
-5-

”

- 
• 

5. •“c::•.
—1- 

~~ 

- • 

k~ .‘ 
- 

~ 
_ 

• 
•5~~~

_ 
5* 

•- 

• — 5 - 

‘I—

~~~~~~~

5-
V 

~~~~~~ ~~~ 
S 

•

~~
_ 

-

- -  

- -5 
~~~~

;* ~~~~~~ 
• 

‘

\_I uI.. 
\~ SS

~
•
\

~~ 

- I

- S  . 
:“ - . 

-5*

- - - 
_
,;-

~
-
___. ; 

_~~~~~~ 
5 _ .. -. I ~ ~~~~ —S.---

’ 

5
~~. 

: b 
\ - .-- • •_-

_ ._ - -5*
- 

5
---- -

. -

S ~ 
•

- -
‘

~
‘.- 

~t \ 
..

.
-

- -

S ! 
• 

-5* 

- S ~ — 

‘. •a~4&%•;
,

~~~, 
. 

~~ 

- S  •::~~~~~ 
- 

• 
_ “-p

- S 
~~ 5 . S

- - - - S ~~
5* - 

S 
~ - 

S 
I~ e

- 
.
~

5*- 
‘- 

V
- 

- ~~~- -

c~ ~

- 

•;
/

‘

~ 

• 

* S ~~~~~~~~~ 

~ ~~~ ~~~~~ 

- 

- 

- - - 

~~~~ 

— 

~ , 
/ :

5 

~~

: • 
- —5* 

~~~~~~~~~ ~~ , 0 • —- - 

/ 
.5-

- 5* 
5
’ 

5 
-5 ~. ‘ 

• -— - 
~-;:-~~ ;~.‘ - 4;4, c;

: l~~~~
— / 

~~-.-—
—-— 

- -‘--5* 
- -0? • ~ ~ 4 .. ~~

‘•J’
/ \ _ ~~~~ - I ‘

~•
- • 

• - .
~~~~I

ç~~~~;
1 

; 
-,

r 
• 

•

~ 
• 

• . I . ~ ~ 

S 

~~~~~~ ~ ~ ~~



r-. 
~ ~ 

~~~~~~~~~~~~~~~~~~ 
~~~~~~~ -~~--_~ --_-5--5*_ 

- - - 
- 5*— — - 5- —5--- ~~~~~~~~~~ ~~~~~~~~ . —~~~~

--
~

- - -5~ -55.5— ---—- ~~~~~~r~ I..5; ~5
5-!:—5-

~
--- -5*

14~~ - - 
- 

-

~
‘5-
N~ 

0 
S5 

~~~~~ ~~~~ ~~~ ~~~ 
~c.

I\ 
—I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~—

-.‘
~~~~~~~~~~~~~~~

S—S--. 

~~~~

- 
5* -

I’ • ~ - I- -  ~ .m~z~55 
~~ ~~~ 

\
~~

5- —5- 
-

- - - f
—

~~~
’

~.?N .. c 
~~~~ 

S - 

~ ~ ~

.5
’ 

( ,:-~ 1 c.~.;::~
: .

~ 
:, 

~~ 
~~~~~~~~ 

\~

.5 
‘Q.3-~’;::~---. 

~~~
~, V 

S\5*\ 
~~~ 

I, 
ci. ~~~ 5’

NI
L~ . ~ 

~~~~~~~~ ~:— — 
~~

S
i- 

~ I
~~~~ )’~~~~ - ~~~ 

: ~~~~~~~~~ ~ 5 -  - -4~
__ __ -” _

-
.I

_) ~: ,~• ~ ~~~ 

—

~~~~~ ~ 

I 
‘

~ ~~~ ~~~~ ~~~ ~ ~~~~~~~-o 
~ ~ 

- \\~~~~ 
‘- 

~~~~~~~~~~~~~~~~~~~~~~ ~~ 5-~~ 
‘ .

•
~~ “:~ I 

—
~~~~~~~~~

\ 

/(;S)~c~ ~ ~ \\~ 
-
~~

~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~ 

1~~~~~~~~~

;

~~~ 

~~~ 
~~~~~~~~~~~~~~~~~~~ ~~~~~~~5- ~ 

\
f ~:— 

.~ 

~~~~~~~~~~ ~~~- ~~~~ 
~~~~~~~~~~~~~~ • 

I 
~~~~~~~~~~~ ~~~~~~~ 

\I ~ ~~~~~~~~~~~ c~r- ~~~~ 
- 

S. ~ 
~~~~~~~ 

I
~ •~~~~ 1i Q~ ~~~~ 5. - - 

- N ~ ~- ~~~~~~ 1k
- ‘I IA 

~~~~~~~~~~~~~~~ ~ 
I\ \ I

S— 1~ - 
I .-;~:

~: ~~
I . 

~~~~ ~ r \ ~~~ ‘
— i ,

~ _d_iJ t 
- - ._ _ . qf r -  :~

•: -

--

-
-

~~~~~~~~~ 
~

5-
\-~~~~~~~~ ?L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~• :-~~ c ‘~~- 

‘
~ 

_ _
__

~~~~~
- ; -  

_
_ _

_
~~5*_~~~~.5

. ~~~~~~~:

I 

~~~<*;_,~~ -
~

-
~~: 

~~ \~::~ 
I 

~~~~~~~~ \ \

0 

~~ 

•

~~~ ~ ~~~~~~~~~~~~~ 

k . 

~~~~~~~~~~~~~ 

x 

~~~ ~~~~~~ 

‘

~~~~~~ \ 4~ f ~~~ L~

~~~ ~~~~~~ 

* ~~~ ~~ ~

, 

~~~~~~~ 

-
~~~~~~~j :~~

_ 

- 

c:: 
~~I ~ 

~~~ ~

- 
c I S > \~~ t - : t~~-:~

’- 
~~~~~~~~~ 

- I

5* ~ 

c~~~~~~~~_ I 

~~~~~~~~~~~~~~ 
- 5 -

-

-

~~~~~ 

- • 
~~~~~~~~~~~~ ~~~~~~ 

5* 

. 
-

~~~~~~~~~~ - : - -.5 

• S
.~~

_

~~~~~~~~~~ - 

-

~~~~~~~~ 

;
- 

~~~~~ 
I

- ~~~~~~~~ 

~~~~~~~~~~
5.

5*

• & ~~~~ 

- 

-

~~~~~ 
5* ~

:— 
- 

c
~k*_\~ 

~ 
~~~~~~ 

~~~~~~~~~ \55j\ ~ ~~~
- 

* I ~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ~~~~~~~~~ - -

~
j  

- 

‘ :  
- 

~~~~ ~~ ~~~~~~~~ - 

~~~~~~~~~ ~~~~~~ 

c~~ 
• - • -

- 
~ 

— - - - 
~- _ i _ 

-
‘It ,. ~~~~ 

- 
- S ~ ~ ~ . 

•5
TN~ ~ ~~~~~~ ~~~~~ 

- .5 - . -
- - t 

•-
--•—~S - if ~~~~~~~ 

~~~~~~~~ 
—

~~~‘
-----—-- 

- - - 
I

I - - 
~ 

- -I.- - ~~ \\ .  —s
~~-..~

_ _ —S 
~~~ - •:~

-
~

-— - 
- ~::~•~ • ‘I

~ ~ 
- 

- I
S_~~~~~~~~~~~~ ~~ 

• 

5~ .,
~ 

~\ \:~~~~~~~~~~~~~~~~~ • •

5:
\ 

. 
. ~~~ 

y~_ _ 
~ ~~ 

- 5.. I
5

~~~N . 
~~~~~~~~~~~~~~~~ ,~ I ~

. 
• 

~~ ~ ~~~~~~~~~~~~ ~~~

,- -

~~~~~~~ ‘ 
- 

- 

_ 

~ 
- 

~
S 

~ 
I ~

‘S:t, 
_
‘\ .5s\ 5 7—’,,~~P > k r .

~~ ~ 
:~~~ ~ 

0 ~ (9 
5

-
-

: ~~~~~~~~ 

•
• 

- 

~~~~~~~~~~~~~~~~ 

: ~~~~ ~ 
- 

~~~~~~~~~~~~~~~~~~ ~ 

--

~~~~ 

~~~~~~~~ ~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5*- — ~~~~~~

- 
5* 

,- ~ Q

~~~ f ~~~~~~~~~~~~ 
~~~~~~~ ~~~ - 

S 
\~~~~~~~~~ 

c•—~~1i
- ~~~ 

~~~ •iP~; 

~(;3 -.
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 

~~~~ ~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4~ 

__) 
If ~~ ~~~~~~~~ ~~~~~~~~~~ 

5
’

- . ~- 
- •. 

S 
~ 

- 
-.

5* ~~~

- 

~ \ 
•
. - - - -

- is -

5-

~~~~~~~~~ ~~ -



55- 5 - - - 

~~~~ ~ 

-5—--—- 
5*—  —-5*—— —-5------- - -

S 
. 

-

I~!s~~~. ~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~ 
•-

- - 
-

- 
- 

- - - 
-

~~~~~

- 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘

~~~~~~~~

- 
— 

- - -:~:-~ ,, 
- . 

~~ 
:~ ~ ~ ~ 

(N ~~~~~~ 7 
- - - 

~
5--

~ 5*
\ •~ •~ -~~- - 

5--~ -
’ 

5-S ~I• ~
S ~~ ~ ~ ~ ~, ~ : ~~~~~~~~~ ~

-
‘ ~ ~ 

- • :~
_ 

~ • ~~ 
5
’ 5 - 

-1 
~ - - . - - 

\ -
- - 

- - --— 
, -5 \\ ~~

_ ‘ ) —  —5--- 5- -.~. .- - . IS- •
~ ~ • 5*• ’-

_
;~ ~ 

5
_ _ _ _

- 
5 - 

\\~.
S•~~~/  ~~~~~~~~~~~~~~ ~~~~~~ 

.
~~ .. • 9 5- - .- 

~~~~~ ~~•• : i- • - -

55 k ~ 
\. ~~~~~~~~~ S•’ ~~~ 

_ 
~ ~ ~ - -5 

—
t ø~ 

1 ~~~~~ ~ • ~ 
~~~-_ : ~

— - - 
- - 

- 5* 0 
\~ 

- 

~~ 
- - -- 

-

~ \ 
.5 

‘ 
— 

•I~ 
~~ ~ ~~~ ~~ S .5 -5 -4

\ ~‘- 
- ç(~ — ~

- ~ -- _ —~ ~- — — - - 
5--- - 

- - 
- 

— S ~ ~ 
— _ -

~---‘ 
;-

~~. 
- I • •~ ~ - 

I- ~ , •I ~~~~ ‘ - -‘-—5~~~
-—  - - . - 

~ -.;~• - 5. 
- • - c~ - - —5*

N~”~ ‘ 
~~ ~~ -c-- - - - ~~ - - 

- -
~~

\~~~•_ ~
‘ 

S ) (\ ~S ~~~~ ~ 
•Y -•~~~~~~ 

5— ---- 
S 

~ ~I
•

- - - -~~ ~~~~ 
5-’

~
— — ~i 

-
5* 
1 ~ ~ ~~ — - 

- .5- 
- 

~ 
- - 

- 
— 

: ~~ ~
- _ _ c~~ S _ 

~~
- - 

(#-‘ 
—

~~ 
- - - ~~~~~~~~~ - 5*

- -
- — -- -5- - - - ‘ I

I 
5. 

~~~~~~~~ ~~~~~~ 
S_ _

.5 ~ 
—

- 

I ~ (ô~
-
~- - :-- - 

~

-
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- - \

~~~~~j  ~ 5*~~~~~~~~~~~~~~~~~~~
5 •

~ ~~~ -~~ ~~~~~ 

;~~~‘~~: 
• 

.5* 

I 

~ 

~~~~~~~~~~~~~~~ 

-

5*

- 

- 

I 

‘

•
! ~ 

~~~~~~~ ~~~~~~~~ 
-
~~~ 

fi ~~~~~~ 
-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~
_
~~~~~ 

5* 

, 
-

I. ~~~~~ 

‘ / - L ~~’
•
~~~~~ ~~ 

I — A\ ~~~~~~~~~~~~ •

•_ _ 5
S 

4.1 - 

~~ 
~~~~~~~~~~~~~~~~~~~~~~~ 

-
• - 

S 

~ 
~~~~ 

c~ 
- 

~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(~~~~~~~~~
S

~ 

I~~ ~~~~~~~~~~~~~~~~ 

I
; 

~ ~~ ~~ 

S . 
~

‘

~

‘5-

~~~~~~) 

I)) 
~~ 

—‘ 

~ ~ 

~~~~~~~~

~ 2 ~~~~~~~~ ~~~~~~~~~~~~~
- .5 

~~ 

S

~~~ 

I I ) ~~~~~~~~~~~ ~~ 

- 

~~~~~~~~~~ ~~

I ~~ ~ ~ ~~~ 
? ‘ 

( ~~~ k ~ ~~~ ~: 
‘ 

~~~~ ~~~~~~~~~ ~~

- - . 
5~~~, - I  

_• 

~ ) 
_ _
1

i

_

~~~~-~~~~~

.

~~

7 •k
~ ~~~~~~~~ 

-
-

I ‘ . 
- - - I l L5;~:~-- 

I t L ~ ~ 
- - -- - - 

— 
- 

~5~~ - - 1 - -S ( ~ - -~z~ ~ ~~ 
5
’- - 5*;~ -

‘ - 
,$~— -

5- 
5 _ I - 

- —•-
~
.—

- <\\( I 
(~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ • ~—~~~~

--‘ 
~~
.
‘

. 
_
•~~~ 

- - 
,
‘~~

— 
::~~ ~ - - 

5 -

- L~
z:-- -

~~~ \~~~N ~~~~~~~~ L);~ 
-

~~~

-
‘-

~ 
-
~~~~~~~

-

~~ 

5- 

~~~~~~~~~~~~~~~~~~~~~~~~ 

- - - 
-—-- -

-

~~~~~~~~~~~~~~ ~~~;) 

5

- 
. 

- 
- ~~~~~~ 

-
- 

~~

5, 5 
- 5 , - - -  - 5

- 
- 

- ~y : ~~ . ~ I ~ ~~~~~~~~~~ 

~~~~~~~~~~~ 
- -  - ~~ — ) -

~~ 

- 

\¼
. 5 ~~ . 5-- .~ 

— - 
-5*---
, , —5-

’ 
- 

~
i-;:--

~~ - - • 
~ • \ I --

-
5* 1. - -

~~~~~~~~~~~~~~ .

‘

~~~~~~
-

‘

~~~~~~~~~
- - - - _ _ I _~~~~~~~~~~~~~~~~~~~~~~

’ ) _
‘ *_ ‘ 0 

~~~~~~~~~~~~~~~~~~~~~~~~ 

S

. .5* ~~~~~1 ~ 

~~~~~~~~~~~~ ~ 

- 

~ 
- 

- 

~ ~~~~~~~~~~~

S

~~~
:-

~ 
~~~~~~~~~~~~~ 

~~~~~~~~ ~~~~~~~~~~~~ ~ \~
Af) 

~(___ ~~~ 

- S  
~~ 

5-
’ 

(~~~~ T—
S-•_:

~~~~~~
_ 

~~

* 
_
4 ~ ~~~~~~~~~~~~~~~~~~ ~

5- 
- -

~~~~---~~~~~~~~
-

- 

- : - 
-

- 

~~ 
S 

~ : — - .~ 
-: ~~~ ‘:~~ ~~-~-

S ~~~~~~~~~~~~~~ 

e: )  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~
— 

~~~~~~~~~~~~~ ~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ .5~~~~~~~~~ - 

~ 
‘



~~:~ J i i  ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~ ~ ~ 

- -—-5- -5-— - - 5------ - -~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~ -IS ~ - _ 

- 
- 

- 

•1-

—- -

~~~~~~ ~~~~~~~~~~ 

- 5 *
~~~~~~~~~~ :_ _  - 5* - 

~~~~~~~~~ 
: ~ ~~ 

-
~~~

- - -•- -

- -

~~~
.
~~

—

•
-

~~: - - 

-~~~~~~~~~~• —~~~ • 
- - S. ~~~~ - 

5* - : ~ • ~~ ~~~~~~~~

~~ 
I 

~~f  
— -~ 

S 
~ 

— ; ~ 
I

- - 
41. ~ 

- - 
-

~~~~~~

. 

~

- - 

~ p 
~ : • ~~ 

—

~~~~~ ~~~~ —c /~~S~~~~) I ) ~~ 

.5 
‘.5

- - 
-~~~ 

- ‘

~~~~

. 
.5 -;-

~~~~~
- S

~ S 
• 

~~ 

I 
~--

--

-
-
,~~~~.

5 ~~~~~~~ 

$ ~~~~~~~~~~~~~~~~~ ~ 
I 

~~

~ ~~~~~ ;~~ 
~~~~: -

k\  ~~~ 
-
~ 

- - - S 
• •I~~~~~~~~~ ~~~~~~ 

-

~~~~~~~ 
S 

~~~ 

•• 
•

‘ 

- — 
5- 

\

_ 

‘

- - - 
.~~~~~~ ‘ - 

• ;~~ - 
5* - - 

. - 
- -

- - -1 i~ - .~~~ :~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 

-
- - -

~~~~~~ ~
I ~~“ a ~~ ~~~~~~~~ 

))) Is 

‘

~ - 0  ~ 
•
~~ ~

- •
- 

- 

: -  
~~~~~ ~ .

. I ~~~~~~~~~~~ ~

5 - —~~ I
. 

~~ ~~ ~ ~~~ ~ 

- ‘: ~ , 
~~~ ~~ r~ ~ - • ~~ 

S

-:
~~ ~ ~ ~ ~ 

~~ ~\
\ 

~~ ~ 
S 

I)  
~~~~~ ~ 

\ ~ ~~~~~~
- :~‘- ~~~~~~~~~~~~ ~~~~ 

- 

-~~~

. • 
- -: 

~~~~ ~ 
-

-

- ~, 5*
_ - 

- . 

*
~~—Th ~ ~ 

~N ~ - 

?, 
. —

~~~~~ ~~~~~~~ ~ ~~~~ \ ~ ~ ~~~~ ~~ ~~~~~~ ~~~~-~~~~ , 

~~~ )~~~~~ 5- ’ ~~ ~~~ 

-

/ 1
~~~ ~~~ ~~~~~~~~ 

(~~~• 

~
) t ~ .5 , ~

_ 
- 

~~~~~ 

‘

~~ ~~~ ~~~~ ~~ 

\

~~~~ ~ 

c ~ 
S 

~~~~ 
~~ ~ ~~ -

~~~~~ ; 
I~ ~ 

~~~~~~~~~~~~~~~~~~~~~ ~ : ~ ~ ~~~~~ 

~~~\ 

1 

~~~~~~~~~~~~~~~~~~ ~

~ ~ 

5* - ~~~ , 
~~~~
‘\

\ _~5* 
~~~~~ ~~ 

.5 
.5 

5-

~

/ 

~~~t:~~ ~~~~~ 

~ ~~~~~~

1 

~~~~ 

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~ 

I ‘~ ~ - : :~~

~~~~~~~~~~~~

-

5- ~~ . 
‘5*

__
-~~~~~~~~~~( ~~~ 

\ 

,~~ ~~~ ~ c 
~~~~p c~ ~~ 

‘ 

~~ -

-~
(
~~~f ~ ~~ ~~~~~~~~~~~~ ~ 

I 

~~~~~ 

~~~ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

5-

~~~~~~~~~~~~~ a 
~~~~~ V~~~~~~~

- 5-:) ~ ~ 

- - 

~~~~~~ - 

. 
¶ \ S

_
~~~~~~~~

-

~~~~~~,4~~~~~~~~~ :~ 

S

~~~~~~~~~~~~~~~~~~~~~~~~ 1~ ~~~ 
~ 

~~~~~~~ .~ , 

‘\
~
I
~

I
~~

’
~15- ~

~~~~ ~~~~~ 

~~~~~~~~~~~ ~\ ~~

~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~ ~

‘ 

~~~~~~

-

~~~ 
- : T ~: - 

5 

- 

- 
- 

. 

- - 
I 

~ ~ 
- -



- - - . - 5 - 
- 

.

1 - 

.5 
. 0 : • .

• ~~~ •
~~. 

~~~ •. 
•- 

. . 
_ . 

5*

. ‘5. 
• 

• 
- -

- 
--

~~S•;~..~~• • 5- ‘ 
~5 5 3V•~~~ •

5
~ . I— -5- ~. •

• 
• !‘ • - —

• •5*
•
~~~~_ 

- 
• • - . 101 - • . S • •  ~ 

S ‘5-
~
•• • ’ i I

• . . ,*•
. _  

- 

- 
• . ~~o • •~

S - - .- ~~
S Y .-~

- • - - • 
~~~:. 5*-

S ~ eli. - .. S .5 •

- 
- - • 

—
~~ 

,•. 
S ,

I 
• 

•:5* —
.

- - - 
S ••

•
~ • 

• 
* : N 

~~~~ 
• 

- . i~
_ 

- 

5* 

I 
..•.

~ 

-

- 
_
5
__
. ~~~~~ ‘

. 5 - _ _5-
•
S 5

. .5 I

- 

- 

~~~~~ 
‘ 

-- ~~~~~~~~~~ 
.: S ~ ~ 

• -

~~~~ - 
- 

~
••I
~ ~ 

S
I •: ~~~~~~~~~~ - 

S
- . p 

~~~~~~ • - - —5*
-

- 
- . :~ •~ ‘.• • — —-—— 5*..

—
- • 

_
5 

_

•.
_
~~ • •S

• ~ _ . V

-. • S 
•~‘ ~~ .~~~

, 

• 

5* - , - 
- 5- 

- :- •. 
. 

~

-
- :, . -

~~5 — ‘ - 5_ _
* 

• • 5-
.
~ 

- 
- 

-

~~~~~ ~ .~ -
- - - -

~~-~
- :

~~ 
e

•

1I,~~~P 
••

~1 . - --~~•-

.

5*
- -- - - 

~~~~~~~~~~~~ 
-

I . •~~:~~— ~~~~~~~~~~~~~~~~~~~ 
c~3 ~ ;;:- -

~
. 

— 
, 5* 5* ~~~ 

.5. 
- S ~ :-~ ‘; . • - . 

I~ 

~~~~~~ . . : ~ -

~~-~~~~
- \, - \

_ _ 
~~~~~~~~~~~~~~~ ~~~ .~ - .  ~~~~~~ 

•
? 

- 
- ;

I.
- •T~ ~

• - 

• 
S 

-: ~ 1) ~:—:~ . .
~ 

• • 
; 

-;;
~

------ 

~

•

~—: - - 
~ 

:- ~ ~~~~ 
• 

~ . 
. 

- .

;. 
- 

- 
-

- \
~~~ t

• 
S • 

• 
• 

- • —
-

_ 
.5* 5* 

5*. -~~
‘ 

- 5*’

; . , 

~~~~~~~~~~~~~~ ‘ :
~ 

- ‘\: - 

.

‘ .
-

~~~~~~~~

- 

~~~~ 
‘•
?

t:: ~\ ~ 
5*~ —•;.

~.- :;:.. ~~~ ~~~~
“
\ I  

• •

~~~~~~~~~~~~~~~~~ 

: 
~ 

•

‘: 
- - •“-~~, 

~~~~ 

- - 
. 

.
~? ,

..~ •1
~:i: ;;~. 

5*. I 

‘

~“~ 
‘ S 

~~~ 
~~~~~~~~~~~~ .

: 
~: ~ ~ - ‘

~~~:-- 
‘. q.-..

’I
• .• 

_ \•\.\ 
•-:~ ~~~~~~~~~~~ ~

t•~ 
~~ \ ~ \\ ~ ~:-~‘~L/ 

‘\ ~ \~~ \~ 

~ ~~~

~~~ 

\ 

~~ 

~~~~~~~~ ~ 
I 

\\~) ~
-::
~ ~ 

\\ ~
-

• 

- 

~~~~~~~~~~ ~ ~~ ~,; 
.5
.’.

-

.
- I ~h ~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 

~
‘L. :r •~

:
~: ~~ 

I 

~~~ S 

• 

5--. 

~~~~~~~~~~~~~~~~~~ ‘ 1~~- . S ,* I ~ • I___ .
__

_
~~

•
_ __ S_ 

~

~ .:-•~ ~~~~~
- 

• 

. 

- 

-
:-“

~~~
‘ ~~~~~~~~~~~~~~~~~~~ 

- 
-
~i ~

-
~
:- -

• 
~ 

• I

; - . 
-

S .1 • 
0 •~ ~ \ ~~~~~~~

I _ 5*. 
- 

.5  
. -

- I 5- 
S 

~ 

• - S 

• 

. 
5*r ~ .5. -; 

- 

- 
- 

• - - ~~ 
5* 

•
1~

Is • •- 
- A- •s • d 

~• 
~~~~ 

-

I.
’. 

I 
• • 

• 

~: 
- - 

‘5*. 

. 

~~~ • 
• - -

- I 
“ /~~S 

5- 
5*_

)~~ 

• - 

-.5 
5 

- ‘~:- ~~~~~
a 1:—’ ~~~ ‘~:->‘

~ ~ - - - -S * ~~~ ~~~~~~~~~~ ‘~ 
. I

.
•

r.
:

S 
• ~ * ~~~ :- ~~~~~~~~~~~~~~~~~ 

~~ . S 
~~~~ - 

- 
- \ ~

~~~~~ :~~k~:

; .

~~~~~~~~~~

-
)

- 

~~
_c _ _ ‘

~~~~

• 

S ~~ ~~ 

- - 

~~

‘

- 

5- 

:~~

- -

~

-

~. 
• . 

.

-~ 

~~~;

5 _  

• 

~ ~:I ~.:



.~ 
~~~~~~~~~~~~~~~~~~~~~ 

- S 

- S 

~ - : ~~.
• - ‘

I-. 

~

• 

-

~ ~~~~ 
‘I ~ 

•~ ~

• 
~~~ 

.
~ ;__ t

-
. 

-

~~ 
‘ .

5 

~~~~~~~~~~~~~~~ 
0 7  

• 
~~~~~ 5

-

- -- ~~ 
- 

~~~~ 
\__._J ~~~~ — 

I ~~~ - - - - ~
I • • 

•

- ~~ - 
• 

- -•~S 5 I -~~~~~~• ‘~~~~
• - -

S 

.

- . 
-

S

. - 
.- - 

~~
— 

- - 
.~~ 

-
- 

- - I
- - k - -  ~~~~~~• ‘  - - -  * 

- 
I

.-- - S 
~ ~ ~ ~ 

.5.

~~~~~~~~~~~~~~~~ 
‘

•
- -- I- c:~

~

. 
, 

- 

. 
.5 

— 
-

~~~~~~~~~~~~~~~~~~~~~~~~~~

‘ ~<~‘i~;~ 
-

- 

- 

I
~I e-. ~ ~ 

.- . 
. : •~ 

5 - 1 ~~~~ • • I ~~~~~~ ~

•

~~ 
- I •~ • 53 ~S •~~ — S

- - 5*~~~~~
,
~ S ~ •

• .: ~~ 

I
S . 

5* 
* •

~~~
*
~ 

. 
-
~

-5* ‘~_ S 
‘\-... ~

-::=~ ~ ~~ 

. 

S ,~ ~, 
~~3 cc:-

~~~~ - 

- S 5* 

‘ 
~~~~

‘ 
~~~~~~~~~~~~~~~~~~~~ 

-

~~~~ ~~ .5

\ ~-. S 

~ ~ ~~~ 

.

5 - 
. 

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ z~: - - - 

~
- -

- - ‘- - 5* - 
____
;; ~-

__
_
‘-- 

— -5 - -

. 
- - - - I 5*~~ -

-

- S ~~~~~~~~ 

. -:- 5
- - 

- 
- 

__
_

(~

. • . - 
5

55
< ~~~~~~~~~~~~

- -S ~‘ ‘
S 

p 

~ ~
•—:—-- . • - _ 

.5—

- 
-

- 

- - 
• 

. 

- 
-; 

c�:z~ . 

- 

- 

- ;c~ 1. : -

5
- 

- 

_

•
5

_ 

•

~~~~~~~~~~~~~~~~~ :~~~~~~
‘

• .

-

- 
5 

_
.
5

_

.
, 

. : .:  •

-;- 

‘ - 

- 
~ . I -. - 

- 
: ~ 

— - -

‘~I 
. 

•
- 

.
- 

. t
~ .- 

. 
_

5 -

. 
- -I - -

. - - -5-;...— 5 -  ~ -
-

‘ -

S ~ ~ 
(~~‘-) .5

” 

- 
.. 

I ~~~ r- - •
•. . ~~~~~~~~~ 

-

5- - - \ 5* . . - . . - - • ~~~~
- - -,~r - - . .5 - - 5  -5—-,-. •.~~ 

I-

5*-’ 
‘•-I ~ 

• 
-S -.—---.-—-‘-s . 1~~~

S •
‘ 

~~ . 
- 

.5* 5* -

~ _ - • • ~
. -

\ • 
S 

.5 -

_ c~
5.5 

.
\ ‘_ . % %_ _ S • ~ • • , 

. 
~~ 

- 
- S

\ 
- 

.

,,~ ‘

S 
• 
‘

~ ~~ 
-

- 

S 
• 

~ ~ I 
• 

~ 
• S • - 

S

I \ 
. . - - - , ; 

- 
- - -

-
~~~ 

- 

S 

~ . 

~~~~~ 
‘

-

‘ 

~~~~~~~~~~~~~~~~ ~

~ 
-p 

\ 
9 ~~

‘
\~ 

. 

‘—5* 

. _—
-

~~~:~~~ 

.- 

:. 

~

~~~~~~~~~~~~~~~~ 

‘ 
1~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ; ‘I-i ~

~
. 5. 

, 

\ 
~~ ~ .5 

. . : ~ ~
~~~- 

- 

• ‘s : 
-
~~~

- ..~~~~

‘ -

.:-
- -

-~
- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~•~~

— : ~~ - :~I~
-

- 
- 

•
-::- — -

~~ -~_. 

• 
I 

, •~~~ 

* 5 \ ‘: • 
•

-
. . 

S 
~~~•1SI~ 

-

S -
• : -

• • 

. 

_
%• _ 

-5* 

- - _- •f__ . -. -I
- 

~

• 
-
~~~~

- S 
• •

_ _
_
% • 

5 - 
5 -  

- 
-.
-

- 
- - 

-

5 - 

S •
• 

\ ~ - 

Y

~~ 

-k .: ~ 
• 

• ~ 
. 

• :—~~ 
• • 

.5 :
• 

~~
- 

~ ~ - ~~ 

-

~~~~~~~~~~ 5-k
. 

-; .:~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I ~



‘

~~~~~~~~ ~ 

~~~~~~~~~~~~ ~ 

~::~ ~~~~~~~~ ~~~

- - 

- ; - 

4~ 4 - 
• 

- - - ~~~~ 

*5- .. ~ I ~~~ 
S. ~ ~ 

, 

¼~::~•~ 
~ 

\ 

\r ~~ I • 

~~~~~~~~~~~~~~~~~~~~~ ~~ 

_

S 

~~~~~ 

~

_ 

~ 
( : ~ ~~~ 

o

x 

.5 ~~ ~ 
: ~ ~-

~~~~~~~~ - 
- 

5 
- 

~:: - 

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 

S
/

~~~~~ ~ ~ 

- 
—

—

-

~~~~~~~ 

- 

;~: 
~~~~~

-

— ‘~ ~ 5* 
<

_ 5 5 

- 
•

—

~~~~~

- 

- -~~~7 I - - -  
~ 

C j~ ~~ 

# 

~~~~~~~~~~~~~~~~~ 
-

; ~~~~~~~~ ~~~~~~~~~~~~ 
- 

~~ ~~~ ~~~~~~~~~~ 

—
~~~~ 

~~~~~~~~~~~~~~~ ~~~~~~~ - 

I-~~ -~ ~~~~~~~ 
-

~~~~~ 

‘

~ ~ \~~,;;F 
, — 

(
__ 

I~ ~~~~~~~~~~~~~~~~~ ~~~~ 

/ 

- 
5-- k-

— 5*J~~~~~~;~$ /~ - 
\5 

-5 * 
; 

.. - 
-

~~~~~~~~~~ ~~ 

~~~ ~ ~~~~~ ~~~~ ~~~~ ~~~~~~ 
-

~~~~~~ ~~~ - ~~~~~~ 

~ / ~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

5* 

~</~~~~)~ 
‘

~~~~~~~~~~~~~
-

-

-

~ -

- 

:~
-
~

--
~

- - 

\ 

I 
~ ~~~~ 

~~ 

-

~-
S 

\ ~~~~~~~~~~~ ~ ~~~~
- - 

~~‘ - 
~ 

/
_ / ~~~

_ 
~ ~~~~~~~~ 

~ ~ 

- 
- 

~~ 

-
~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~ ~~~ ~ 

-

~~~~ ~~~~~~~~~~~~ 

F 

~~~~~~~ 

f ~~~~~ ~ ~~~

~~~~~~~~~~~~~~~~~~~ SI5lI% 

I ~ ~~ 5- 

-•.I
~: .

~~~~~~~~~~~~~~~~~~~~~~~~~ 

5- 

~~~~~\ 

I 

~~~~~ ~~~~~~~~~~~~~~ ~: ~~~~~~~~

5- 

b ~ ~ ~~ ~~~~ 

. 

~~~ ~~~~
- -

i

; ~ ~ • 

- 
- 

- - 

~~1 ~~~~~~~~~~~ \~ -



- . 5  -S~~~. ~ 5*.- 

~~~~~~ - - 
-- S ~ 

.5*55-: 
- ..,~ ‘

Ii

- - - -~~ ~~ 
- 

~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 
• 

~ 

. 

5*
. 5 1 ~ ~ - ~~ ~ - ~ S 

I

.5 5* ~ 
~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

) 

- ‘
. 5

- - - 5- - 

5 , ~~~~~~ 

~~~~~~~~~ ~ ~~~~~~~~~~ 

\~ 
- - 

~ 

-

~~~~~~ 
- - ~~

_

*

~i ~~~~~~~~~~~~~~~~~~~ 

t 
(
~ . ~~~ ~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 5- 5* - ~ 
• I

- ~ I ~ ~~~~ 

~~~~~~~~~~~~ ~~~~~ 
I V ~ ~ •~~~~~ ~ S - 

~~ ~~ ~ 5- ~ 
S

-
- 

*.

_ 

~~ ~5* •; 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
~~~~~..-;: . ~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

- 
- 

-

~ 
- 

~~
- 1 ~ ~~~ ~ 

S 

~ 

~ 
~~~~~~~~~~ - ~~~~~~ , 

~~~

I
- 

• 
~ ~~~ ~ ~ ~~ 

- - -- -. 5* 

- , 
5* 

____

_
p _ 

~ ~ 

_ 

• ~ ~ 

- - 

~ 

- ~~~~~~~~~~~~~~~~~ ~~~ 

~~~~~~~ S 

~~ 
~ ~ 

~~~~~~~~ 
. 

5* - ; 
S 

~ ~

: 
, 

q ~ ~ ~ ~ 
~~~~~~~~~~~~~ 

~~~
- 

S 
~ 

< \‘~~~~~~~ )/ .5~~~ ~S/ J5 
(~~~~~~

_

— — - :~~ ~ ~~~~~~~~~~ 

S 

~~ ~~~~~~~~~~~~ 

~~~~~~I ~ - rc ~ ~~~ I~~
5- 

~ 

- 

~~~~~~~~~~~ 

~~~~~~~~~~

-
5*

5- 
, ~ 

‘ 
~~~~~~~~~ 
, ~~~~~~~~~~ 

- 
5

- \ ~~~~~~~~~~~ - 
A I ~ 

S

: ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~ 

,

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~ 

\

- e..~S ~ 
1~~/ (

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , 
(~~~~~

— r~~~~~~~~~~~~~~~~~~~ 
I 

‘• 

5- 

)  ~ ~
eol 

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5- 

~~~~~~~~~~~~~~~~~ ~~~~~~

:. ~~~~~-•
~~ 

~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~ ~~~

~Tr~\:: 
‘

I ~~~ 

- 
- 

I ~ 
_ 

‘~~~: ~ 
5- 

5 ~~ 

5* - ~~~ ~ 
~~

-

>~
— 

—
~~~~~~~

-

-

~~~~~~~~~~ -~~~~~~~ ~~~~~ 
- - -

5

-
-, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~ 

4 

l~~ ~~~~ 
5- 

~~ ~~~ ~ 
~~~~~~~ 

:i -i
~t ~

~~~ - 
. 

- 

- 

~~~

- _ 
- 

- 

_

, 

~~?? 

- 
- 

~~ 

\

~ ~~~ 

- S ~ 
‘ 

~ ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:~~~ ~~~~~~~~~~~~~~~~~~~~~~ . f l -S



- 
-

-- S I -~~~ 
5- • (5-’_ — 

- \ I

- 
- - -

~~~~~ - - - 
---S 

~ ~~~~~~ 
~~ 

I~ ~ )) 
I ~- - 

- - 

5*—- 
5 

- 
S ~ * ~ c ~~~~

---—
~~~~

-
~~~ ‘, 5-

,.-

~~ ~~~~~ 5* ~ 
:~ ~ 

~ ~~ — 
~ :~~~ 

~ I ~~~~~~~~~~~ ~~~~~

- 

~~~~~~~~~~~~~~~ 

I

- - ~~~~ -~~~~~~
- 

-- - 
- 

S I• ~ ( 
~~~~ - ~ 

- - 

5* i -
_ 

5* 
-

.> S ~ ~ 

- 

~~~~~~~~ ~ -~ 5* - - - . 5* -5 - 

‘5--’ .~ 
- •‘S 

‘I~~ 

~::~:~ —

~ 
I ~S ,  ~ 

I
’
~’—’ I ): : -~~~~ —••

~
•
~~

.•-+--—
~~~~~ _

_ 
- 

I ~ ~~~~~ 

‘ ‘
\~. -~~ - 

- 
—

-

~4~t ~-
I 

~

_
4

_ 
-5 

_
+ ~~-~~

- S 
~ 

• 
~ ~ 

• - ~~~~- ~~~~~~~~~~~~~~~~ - 
-

~~~ - ~~ - -

~~ 
-

~ 

.5 

:~ ~ 
-

~~ 

~i ~~ 

5* 

—-

~~~~~~~~~ 

- 

~ 
~~

S

~~

S

c 

5- 

~~~ ~~~~~~~

a- ’- ~ ~ 
S 

~ 

~~~ ~~~~~~~~~~~~~~ 
— 

—
_

~~ 
- 

~~~~~~~~~~~~~~~~~~~~~

c:—~—m ~ 
._-~;:~•-) - ~~~~~~~~~~ ~ S —---::- ~~~~~~~~~ - ____ _

_ S•.5.~

~~~~~~~~ ~ 
\
~ c ~ ~~~ ~~~~~~~~~ ~ 

:t ~~ ~ 

* 

~~~

~ 
J~ ~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~ ~ 

‘\~~~~~~~~ 

~~~~~~~~ “~~ ~~~~~~~~~~~~~~~~~~~~~ 

N~ -~~ 

S

:::-~
- 

~T:;~
’ —

~~~~~~

----—--------‘ 

~~~ 
\ 5*” ~ 5—

b ~ ~~ ~
, 

- 
/

~~~~~~ 
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~ 

~~~~~~~~~~ c~ 
‘

- - 
k - 

‘1 ~~ ~~ 
\ 

~~ ~~ ~~~ ~ ~ - - -
~~~~

-
.

;
~ r~_1z 

~~~~~~~~~~~~~

- 

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 

.

~~~~~~~~~~~~~~~~~~~ 
5*
~
-T~~~

;5*III::~ ~ ~ ~ ~ 
..

I_ ~1~~~~~c;7 ~~~

— 
— 

~ ~~~~~~~ 
-5- 

- 

-

~~~~~~~~~~~~~~~~~~~ ~ 
, 

~ 
-.5 

~~
, 

~~~~ 5
- z-3i~~

, 
~ ‘~~~

: ~~~~~~~~~~~~~~~~~~~~~~~ 

_

‘%

_ ,
,I ~~~~~~ ~ V~T;~~

’
~ • ~~~~~~~~~~~~~~~~~ ~ 

. 5 

.

~~~~~~~~ ~ 

t 

I i~~ 

~~~~~ 

,

~ 

~~~~~~

:: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 

5 

: ~ ~~

,: ~ 
: 

~~ 4_ :~ 
‘ ~ ~ ~ .~~ 

5*S•~
-s; ~ ~•: ~ -

~,

0 - 
~~~~ ~ -~~~

- 
~~ 

- 
#__‘\ 

~ 
• 

~~ ~ 
- 

-5* - - 5* -
- - 

~~ 
~ :~

- 
~- - : 5-

~~~~~~~ ~
S ~~~~ Y _~S ~ ~ ~;: ~~ 

5-
~~J ~ 

)

- ~~~
- - 

-
- A - - - 

~ 
- 

-~~ 
—‘.5 

~
-- - S 

~ 
S ~ ~~ ~ ~ ~ 

~ - _ , ~- . 5-

~~~~~~~~~ 

5- 
-4 

~t
%’_•

~2 r( -‘- 
—5* ~ ~~ ~! ~~~~~ ~~



- 
?V~ ~ -‘ )-

~\\‘H -

1~~~ 

5--

: ~~~ 

5* 

1
• 

~\\ \ ‘S

~~

*

~

’I•
~~~~~:~~~~ 

: ‘

,
~~ 

- 

-~~i:-
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

“:‘-~~~
-
~:~ 

S *

~~~~•~ ~ ,~ 

5* - 
-

-•-

~~~~ ~:~~
- - 

~~~ ~•~~:;‘• • “ 
~~~ • 

_
I& 

-
~~

-

~~~~
-. ‘ : -

. 
5* ~~~~~~~~~ 

•
~
!b~~~

’
- 

-
-
~~~~

• 
:11 -5- I(C

~~ ~~ 
.
~ 

- 
- 

~i~~~~
’\ ,  

~ ~ • 

• 
S 

,-:-
‘

~ 

-

~~ 
‘ 1¼

— -
---

~~
- - U S

~ ç~ ~ - 
‘—.

•
~~~) 

‘ ‘5. -S j S~~~~) 
1 • 1

i• i’ .~~ 
i I

~ 
S 

~ ~ cc:3~ I ~ ~ ~ ~~~~~~ ~\ 
#~~~

f ~
-;I

~ 4 P1

:~- 

5* 

:--

~~~

---‘

~
-
~ ~~ ~~

-- - c~ ~~~~~~~~~~~~~~~ 

.
- 

~i ~~
S

~~~~~~~~~~~~ ~ 

• —S ‘
~
:-
~; 

I \~‘)\) 
S ~~~~ ~~ 

•

~~~~~~~~ \ - 

~~ 
- -
~~: 

~~~~~~~~~~~~ 

5-

- - -~~.. - TF 7-~~ 
-

~~~~~~~~~~~~~~
-
-
~~~~ 

S 

S

~~~~
-:

~~
-- - ~~~ - -~~~~~

I- -S 
~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~ 

~~~~~ ( 
\

.-
~~~~~~~~

- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -

~~~~~~~~

- -

~~~~~~~~~ 

-S 

~ 

.
-

t 1.11, ~
‘ 

~ ~~~~~~~ ~;:-::—~ ~~~~ ~~ ~ ~~~ 

‘ 

‘I

‘

~~~~~~~~~i~~~ : 
•
~~~ ~~~~~~~~~~~~~~ \~~~5~Z—~~--- Th ~, ~~~ S,I c

•

~i
-

• -\~
; ~~~~~~~~~ 

-
~~: - .

- - -

- 

5

- 

~ •:5-

: 
~ 

- 5 ..

~~~~~~~~~ 
—5 

— 
S ‘ 

- - 

5--
;_._~~ S ~ — “ ~

• - -

S ~:L~5— S * S S 
•
~~~~•5- • 

S

~~~~~~ . ~ 5* 5-—-oc~;-’~._~ :
‘-

~
-

~~ 
~~ • . 

~~ ~ ‘5- --:::-~ ~~~ ~ • :-
- 

- -. ~~~ 

- 

~ 
~ 

-

~

;: 
• 

~~~ ~ . - ‘-~,~t;’. ‘
~ 

S - . I 
~ 

\ •\

•- - •)_ •SI - - V • :-  ~~~~~~~~~~~~~

z 

~-: ~ 
( $ f ~ c’

*~ 
S. 

- ~.5 _
_ . . 

. - 

I

: 
~

:_ . 1’s~~ 
5*. - I

’ • ‘-.5-.

~ ~~~ (~~~~~ ~~~~ . 
. - 0 

~~~ • t~ S 

:

.
)~~~~ ~~~~ - -S ~ -5 - -

S. ~
,• 

S S ~ 

• 

SS5.5I
s,_S 

~ 
- 

- -
. 

‘4.;, • • ~ 
~~

~ 
~~_ \ __ I,__ _* _ • ) -

- 4_I_ ’\ ~i-k-. .~ 
- . ‘ I— )

4:
~

•
%?.~

.)
~ 

. 5

. .5. 
-

- 
5* . 

. 
. 

- 
“? r ~ •~ 

~~~~~~ 
•-

~

• 

. 
- 

-

~~
j

~\ 
~~~~~~

I%M~~r~~~~~

5.
.
~~ 

~~~c:~ 
5. 1~ 

S 

~~~~~~~~~~~~~~~ 

.5

‘

~ 
“ 

‘ 

~~~ ~

- 
‘ 

—5 

1 

•

~ ~ 

‘.5 

.-•--.---

‘

—• 

\• 

\ 

I~

— 

‘ 

5- 

‘

~~~ 

, ~ ~~ 

% ~~~~~‘ ~~~- 

~~5 5. ~~~ Ifr • 
•

•‘ I4~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~ ~-~: ~. ~



‘-

~~~~~~~~~~~~~~~~ ITT~~ - -
~~~~

- -
~

T 5 *
~ T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4

-

0

-1 . -

HEC-I OUTPUT -

OAK RIDGE RESERVOIR

- 

5*

I -

-5*

I

:~~



- 
— 

- 5 5 -  - ~~~~~~ ,. - 5-”~-~~ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~ ---‘-vw ~~~~~~~~~~~~~~ ~~-.-- 

_ 
~~~~~‘ ~~~~ -

HI

o H
2 O
-C
C. - S

- Ca0 z f.

:

-c -~ 
% C_I

-~~~~~ 

-

-: 0 2
5 - c—a m - 2
- - 0

H ~zo~o
2 0 2

- I—

0 11

o
fa2~~~ i~ — W ~~~~ ~~ ICU

C) ~~~~z ~~~ cne ~~a. >.o~~~r~ —

- 
r.~ =z

- ~~~~~~ I~~ 0
r- C 4  — ~~ ~IO

- ~~ IC NO Ca

N 
~~~~~~~ ~~~~~ ~- 0~~~Z 0 4 2 .  2 - -

- -4 — X 0 ‘-‘ 2 5*

- 
I

- >4 N 0 4
~~ N

- 4 4 4 •~~Ca 4
I - - 4 4 — r— 4 I- - &

— 
- 4 I~~~~5 . GI 4  4 t ~~~~C~ -~ 

2
4 Ci .-4 t~ 4 4 0

5 4 0 4~~ a. -~ Ca Cl C~s 4
- - 4 = ) s Z 4  0 2 . 4 I C ~ . 2> 4 24

- 0’. 4 ’ . C 4  4 0 • .~~~~.I C 4
• ~~~~~~~~~ C) 4 ~~~~P~~~*

• 4~~~.1P, 4 •~~~~3 i~~ 4 ~0
1- 4 f~~ .-4 4 4 ~~ 

.4 4 .0
4~~~~~ -4 .  _I — 4 <  - 4 4  -4

I — ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.~~~ .

- - • C) I 4 LJ  4 .~~
4 4  2 4  4 4  2 4  a% U1

-c . a .z O .  • ø Z 0~~ -4 -4
.~. ~ 0 • O’ ~~~ 

5- s

L~t 1  4 I-4~~ 4 4 1 • 4 1 4  (I~~
S — . a.cn-C~~ 

. a.in -u 00
~~~~~ ‘- —4 4 4 X C JI S <X 0~~ 

..-- . X X — e  S X % I 4 4  C’~—4

I ~O 4 
~~~~~~~~~~~~~ 

4 >~~~M 4  r -— .
— .6  ~~. 4~~~~~ 4

~~~1~~~~ 

—
5- - 

C. • O Cf l U .... N~~~~~~ u I 5 . S r s C a C 5 *O~~ 4 C l E ’ .  •

~~ 

- _ _ __

_

- 

S

__



~~~

•_•,

~~~~~~~~~~ 

i_I*
~~

5- 5*.._ ~~~~~~~~~ 5* 5W •~~*~~S 5*~,~5-5~•5j

- r-0~~oin 0r- 01a. IA -V —4 5.0 01 05. ~0 Ca ID
2
0 N N -400 1  Ca Ca F- ID -

S 
- 0 - 4 - 4 - 4 - 4

O~~’r- C a N
05. F- In I0 C’I .-I
Ca N -4 0) 0 0 0 0 0 0 0 0 0 —

0) 0 0 0 0 0 0 0 0 0
0

4 00 .~~ 0 0 0 0 0 0 0 0 0C
• 1-’

o a . o
4 4 20 0

• Cl) 0 0 0 0 0 0 0 0 0C
4 .-~ 0 1. 0 .-4 .4 C a — I N C  I’5 U 0 0 0 0 000 00~
4 4 F-C 11~~115 N .4 - . . . . . . . •
S C_I I 01 ~~‘ .4 Ca 0 0 0 0 0 0 0 0 0  5-

C aø  0 -3
1- ~

4 )40 U)
5- - 1-’ Zo  2 0 0 0 0 0 0 000

U) - Ca • 4 I 0 0 0 0 O 0 O 0 0~
— :40 ~~O > 0  4

5.00 c x ~ 2 000 000 000 !
5- 4 01 0 - Ca • Gi IA I’ — Ca N

:4~~ CA 2 • IA Ca F. N .4
44 0 2 0-V .--4 - 5-

4 .3 Ifl U .-4 0 s—I N N In ID F- Ca 05. C
4 z I..-. a o IA IA U5. iaIAIfl Ifl S f l i a -

4 ‘-4 CA • ON C) I-’
S 20 01 CiA 2 -

~~
4 0 (5.4 0 C) . .  - Ca
4 01 F - O ~4 .-4 CA a -

~~
4 E 0  Cl) 2 .  2 
• 2 1 4  0 II II ~~ Ca (A 5.0 ID IA

a. .3 0 - 2 2 ON 0) 0 01 N,-4 2 0 0 0 0 0 0 0 0 0  C
S I-s O 0 .-1 C’-I 2 0 0 00 0 0 0 O 0~ - -

4 2 • 0 I-I 0 4
00 I-’ . I~ Z 114 2 N IA ID F- 0)0 1 0 -4 ’
140 Ca 0 (0 2 4  N = - . 4 s  -

2 I-s O 0 N I

0 1-5 0 I C •  2~~ 4 IA ID
.3 2 0 N I. In 4 N N ( 5 .  N N N N N N 5*

I. a. N 20 42  0 0 0 0 0 0 0 0 0 0~- - -c .4 00 1- 0 ID 1140% (5-4 N 05. 5.0 2 
S - I-. i—I - 4 0 I 0 CI N Os N —4 0 0 s-I .4.4 ~I4.4 . 4 . 4 - 4

S 0 <0111  I-. .—~ 0 4 • U ~~~ .—4 U I N  .3- 2 5
a. E-.a.Ca ~~-o  2 1 .00  4.4 C.~

5- 4 01 CCI) . 4(’40 0 4 1. .3
4 0 1.10 C X  E-’ X • 4 0 0
• C_i a. 14 < N >  4 •  Ca • 0
4 4 2 O N  4 0 10  2 01 2 Cl) - ‘-
4 ~~ 1-’ a. —4 3~~~0 ~~~I 0 . 4  Ca - -
4 ‘-~ 4 a. 2 .  o a .  1 4 0 1  I- 
4 0 2 4 0  (1) 1-10 X C )  C f l C a a .  4 C aF - N F I N 0 1 C a  0.0
4 2 C~~ 00  ONe (13 0) 0 CA014 Z I n F - 0 . 4  I ~~~~~~~~~~~~~~~~~~~~~~

0 0 Cl) • Ca s-I 0 0 ) Ca 2 110% In (‘4 — 1.. 0 in IA IA IA IA IA IA IA IA II 2 20 X X F .  2 2  • .3- 01 0 0 0  0 02
0 01.111 a. N Al z 2 1 0

4 C) >4 — Z0  1 . 0 1 2 40  00
Ca Ca = .4 110 14-4 Z

— < •  z . a. C
0.0 20 05.0 CC)  0 - ‘

I CC 5.00 14 0 ‘4 
01 01 • 20 .2 X O 0 1 e . — 4r — 0 0 1  Cl) — l . 4 . 4 . I . 4s - . 4 N N N I -

0 0.0 l A O  • II (5-4 10 CaN N ID 4 114 113 00 0 0 0 0 0 0 01
Ca N a. I C 0.11— 01(5-1 -4

0 0 .30 I-. >1 I
4 C) s-I 00 2 1 . 4
• i_ S . Cl) 0 - I

I— . 40  1..-. N I 
-

-
S 140 ~nO 2 001 0 Cl) 0 0 0 0 0 00 0 05 .

2 • 2 4  1.14 2 0 00 00000 0 0
- - S 0 0-i <F- 0 . .  2> 14 - -

S 13. 4 >N (‘4 E-.I1 ID%0 Ca .-4 .-4 s-I CI (4 0 0 0 0 00 0 0 0 5 -
4 4 I-. ~1 X o  Cl) C~ IA % O 0 1 0 1 N I AN
5 01 Cl) 2 0 ID .V 5.0 N .-4
5 ‘-I 1 4.  01

0 Q .4 .30 0 2 01 .-4 .-4 .-4 ._S — — N N N - -~2 2 t O O  C 2 0 I-s 0 0 0 0 0 0 0 0 0
0 0 c..o • ~. -C 4 - 5*

-
‘ 

>4 a 2
- - = 010 Cl)

-
~

5
i #0

(11 - 20 01 05.01 I 111 sAN 0 -5
I-. 01 • 1.3 0114 .—4 NIA N.4 0 .—4 e 1 m *I n 0 1 1 - - - C a Cs

Q.4 I-s e ‘~4 > 4N F- N s-4  0 -
a. C U) C_I =

4 01 >4 ‘-4 01
- - 5 0 = I’. 1.3

5 C) ‘-4 i_s
1 4 0 1

a, a 0
4 0 C) ~~ 00 00 0000 0
4 2 .—IIDN OIA —4 01 00 0 00 0 0 0 0

.3 2 10 .-I ~~ ID N 4
2 Ca N s-I ~ — (5-I N ~~ IA ID F- Ca 05-

4 2

0 4 44 _~ — I’C) -

0 0 000 0 00 00

- 1- - 

4 5 

- 

~~~~~~~~ &. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r1~b~~
;r
~
w;I-

~
_5*.5.5.—S; -I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~5*~~~~ 5*5 ~~~~~ 

~~~~~~~~~~~~~~~ 
S 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~‘~:;;

I
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~: ~~~~ ~ - ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_
~-

-
-,

~~ .

~ ‘ - -

.5 -~~~~~~~~~_ o
. N

I s-I r~ F- .4 0 N II. 0)41 5.0 01 0 0 F- UI IA N 4 IA ID ‘0 Fl 05. 11-4 .4 F- F- N N Ca ‘0 (15 114 0 0 N F- N —I —4 N 01 05.
3 CA 0 F- l~ 0 ‘0 IV) F- s--I F- 10 .0 F- C IA s-I Ca 5.0 IA IA ID F- C N ID 0 In C .1) 1 F- ~ .4 01 if)  N C Ca 5.0 -V 15-4 .
~~F-NC a . 4 F- G i 1 0- v N o G i F . I DN N - 4 0 0 1 0 % 0 ) F- F - 1 0 1 0 I n I A - vm m N N N N N  0.4
a IA IA -V -v f~ N N N (‘4 N N N .4 s-I . s-I s-I .4 0) F- - ..

NIA 5__
~ 

, 
. 

N05. I 5 -

: - , 0 0 00 00 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0  .4 •
- ~ ,0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  C e OlIn 

(5-4

5- 
,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  ~~~~~_S

30 0 000 000 0 0 0 0 0 0 0 000 0 000 0 0 0 0 0 0 0 00000 0 0 0 0 0 0  N .  
—

5- 3 00 O 0 0 0 O 0 O O O O 0~~~ O O O O 0 Ce 0 e 00 0 O C 0 O 0 C O O0 C a O 0 e  4 4 0 1  
Ca

- .o o e e eo o o o o oo o c o o o oe e e e o e a o oc o c o a o o o o o o o o  01
- - -4

3 0 0 0 0 0 00 0 0 00 0 0 0 0 0 00 0 0 0 00 0 00 0 00 0 00 N .
3 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  s - I N  

s-I
- 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  ID ‘-0 14 • .00 •

114 Z - I C a’ C af
00)10 • .N
I3 01IA OI N C5-

N N I D I A I D F- 0 ) 0 % 0 s - 4 NNI A I D F .C a0 % 0 . 4 1 1 I N( A 1 0 F - 0 1 0 % 0 s - I N N I D I A W F . C a O l C  01 0F.01I01N
3 5.0 5.0 5.0101.0 5.0 5.0 ID ID F. F- 11- F- F- F- F- F- F. F- 0)01 01 0 ) 0 1 0 1 0 ) 0 1 0 1  Ca 0101010101 01 0 1 0 1 0 1 0 10  0 N ID Cl

-~~~~ s-I Cl) N
5* 5.3

IC -~~~~
1~g H-

- - 
- 3 00 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

300 00 000000 0 0 000 0000 0 0 0 0 9 00 00 0 0 0 0

‘4 N _S~ IA 10 F- 01010 .4(1 N 0.4 N rn ID in ID F- Ca 010.-I 55-4 N _S IA ID F- 01010 .-I N rn 0.-I N N _S 2 • .10 IA -
.4 .4.4 s-4 .-4 . 4 - 4.-I N (‘1 N N .4.-4s-4 .4 s-I ..4 .4 s-I — .4 N N 15-I N 0 V I  s-I ID IA

ONN • • 4 5 -.
W s -4 0 1’- OI. 5- -‘

~~NN NN N NN N N N N I D I D I D I D I D I D I D I D I D I D I D I D I D I D I D_ S~ I D I D I A I A( A I A I A  I ID s - 4 C a F -
- 

- 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  • N
F.

.4 .4-4 . 4 s- I  s-I s-I s-I s-I 4_ I  4 s - 4 I  s-I . 4 . $  .4 ._S .~4 .4 s-I_I .4 s-I .1 — s--I .4 .-4 . .--I .-4 .4 .-I .4 .-I.4 s-I .4 s-I

5 01 • . O I D
0F.0ID.-IF-

4 • I D
01 N N IA ID ID
4 - 4  -4 05-N

ID .—I 115-N
N — -

S 1 ID ID ID ID OF- Cl ID N Ca F. N 5.0 05. ID 0010 N 10 N ID IA 0105.01 N F- 015.0 N 05.0) N s-I N ID 111 N - -
IA IA IA IA IA F- 401  F- IA C (‘4 .40)  IA N s-I Ca 11- IA ID F- ID 10 N .40 5.0 IA F. 0 0 10 ID N I D_ S  s--I IA IA

.4 s- I N N I D I D I D  N N N N N (‘4 N N N N ID 1001.-I ‘ID SO ID 11)0) N N O I D  F-IA -I Ca - 
-

s-I s-I N F- 0_ S  F. 05 .0101  F- ID ID 01 • .10 N • —

s-4 _ I 4 .4 .4 s-I 010 5.0 .4V ID
- 0 F -0 ’ •~ 0

I C a I A  ID 5.001
IF-  InCa

‘0.4 s-I
s-I N N IA Ca N .4 IA IA . 4 . 4 . 4 . 4-4 -4  N N N N N N IA IA IA IA IA VI IA IA IA Ill IA IA In IA IA IA In ia a 0
~ 0 0 —4 s-I CI N .4 s-IC 0 0 0 0 0 —4 44 .4 .4 s-I .4 s-4 s-I .4 . 4 . 4  .4 4s-I.4 s-I 4 .4 s-Is-I ..I s-I .4 s-IC 0

00
2 ’ .  5-
4_ C
D3_ S IA

, 0 00 0 0 1 0 1 0N0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 C aC a 0 1 0 1 O F .N0 1 I D O IN NN N N N 0 O  0 . I D I A
3 00 0 0 0  N 00 0 0 000 0 00 0000 . 4 .4 s-I .4_ IF-  05.001 ID 0) 0 0 0000 00  Ci

-4
30 0 0 0 0  0 00  0 0 0 0 0 0 0 0 0  .-I (5-4 CI ID N — 00

I N N In 0) 111 I~~ —I 1’- s--I .—I .4 .4.4.-I N N N N N (5-I N N N N N N IA N 01 N 0% ID Ca Ca Ca Ca Ca 0) 0 0 Cl) Cl) Cl) 01 1. - -
30 0.4 .4  N VI N .-I 0 00 000.4 .4— 4 _ I . 4 s - 4 N N  N N N N Ca N F- C I A  0.-I .-I .4 .-I —4 s-IC 0 1.. 01 14 01 1..

CJU I
.4 N N F- N N 0 0 C.)

‘4

3 s—I (‘4 N ID IA ID 4.. 0) 010.-I N N ID SA ID F. 01 010.4 45-I N ID S A I D  F- 01010 s-I (‘1 N ID IA 5.0 F- 01010
- - 4 .—4 44 s--I 4 . 5  ~~~.4 s—I .4 N (5-I N N N N (5-i N N N N N N N N N N N N N ID ID ID ID ID ID ID ID ID ID IA

5* 
-

3 0000 00 0 0 0 0 0 0 0 0 0 0 00  e 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0  1’
3 00 0 00 000 00000 0 0000 00 000 0 00  e o C o  00 0 0 0 00  0 0 0

3s - I N 1 1 i I D I A I D F-0)C l 0 . 41 1 I N O, 4N N I DS A I D F-C a  010.4 NNID U5.10F-  Ca Gi0.-INNO.-IN
4..4_I 1.I 44 .4 4 s-4 . NN11’IN .4 4 . 1s -4 ..Is- INNNN

I s-I .4 s-I .-4 s-I 44 4 ~4 4  s-4 4 ~4 N (‘4 (‘4 (5-4 N (‘4 CI N N N 15-I N N 114 N N N N N N 15-1 N N 114 N N N
S 

- - , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0
~ -I I s-I.4 .-4 .—4 _ I 4 4 . 44 4 s-144 s- I.4 4.4 _Is-I

~t



_ _ _ _  ~~~ 
. ‘ .

~~~~~ 

- - 5 - - -  “

~ 

_ _ _ _ _

S
I
I
I
I
S —.
I C
• 01
I 0
I C)

14 40 .—
(‘4) 1 4 0 1 1 5 -

2 <N .
10 11401

. 0. ID
1’ .5-

Cl)
4 2
IS Ca
5*) • I-. 2 .—.

(4 O I D N
4 01 ONN 15
S - - 1 0.
I C) ID—I
I 1.4 .- N N
• ~~~~ F- .4
• 0 %
1 0 1 4 2
I I-. —

- 14 2 ’.—
O X  O F -I D

-5 010 Os-l ID
3 0.3 0 1 1 1 5 - .

‘s - I  1 QM  1 . 4 04) 1.12 IDs-IN
U) N N

5 1.3
2
(4

— • 4 0.0 2 . .—.0 1 0100)
O 4 14 OF-s- I
0 1 _S 0 0) .

1 (.114) IF- I D
- 

- ~-1 I 0.10 5.0 .4 0
I .3 Ii)

- . I CJ’4
-~~ I

4 0) —
• 014 2 . -

4 0 2  4 I 4 0
-i 4 4 I D I A

20  0 . .
3 ‘5 0 010
— Cl) s-I ll)

01

1.. —
• 4 s-I
• 14(4

• I
4 <4
• 01
I (.1
I
4 4
0 1-.

- 
- I • 4

>5

3 0. 1 . - C a l
- I • .4 01 4 Is- IF- I

01 2 4 1 0 1 0 1 1
13 0 CD IQ s - IF- I

0) 0 4 1 4  I
2 2 4 0 1) 40 1 5
- - 1.. 0 I .-34*
-. 0. >4 I 0 1 ) 4

0 = • 1 4’~ s
- - - 4 01 lC D  s-Il

0 1<  - I 4
I 01 1 2  I
I IC )  I
• 1<  014

- -  . 1 10.20 1 2
5 . 1 1 01.I1

1 I 1.41.I
• 1 0 . 0 ) 4 4

I~~~~01CJI

_____________________ 

5 

LiiLP’
~~~~ ~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _ _
-I -- 5- —. --.



-

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ~~~~~~~~~~~~~~~~~~~~~~~~ 

— 
— 

.
~~

-

I C!. -

A P P E N DI X  
~

- OAK RIDGE RESERVOIR -

~

II

- 4

I~~~o

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____ __ _ _



~~~~~ -_~
w—w_•. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~, 5*~~~~~

_
~5-~~~ 5~ 

— — —

r— 
~~~~~~~~~~ 

---- - - - - - -- - - -- - —— -5-— - - -5-—

•- IA - 

~~~~ 
APF~ ND1X 4

; 
REFERENCES

~ 
5 OAK RIDGE RES ERVOIR DAM

1. Specification for the Raising of the Dam at Oak Ridge Reservoir, date ui*nown,
estimate 1917.

2. .Letter to Dept. of Conservation and Development from Board of Street and
Water Commissioners, Newark , New Jersey, dated 26 March 1917.

3. Letter to Dr. H.B. Kummel, State Geologist from C.C. Vermeule, Civil
Engineer, dated 3 April 1917.

4. Inspection Report by I.E. Ganatt, dated 30 September 1968.

5. Drawings (5) giving plans, sections, contours, and profiles, by The East Jersey
Water Company, dated between 14 July 1890 and July 1892.

6. Drawings (5) giving plans profiles, and sections by Board of Street and Water
Commissioners Department of Water, Newark, New Jersey, dated 19
March 1917.

7. Brater, Ernest F. and Kings, Horace W. Handbook of Hydraulics 5th Edition,
McGraw-Hill Book Company 1963.

8. Chow, Ven Ic, Ph.D, Open Channel Hydraulics, McGraw-Hill Book Company,
1959.

9. United States Dept. of Agriculture, Soil Conservation Service SCS National
Engineering Handbook Section 4 Hydrology NEH-Notice 4-102, August
1972.

- 

-- 

10. United States Dept. of Agriculture, Soil Conservation Service, Somerset, N.J.
Urban Hydrology for Small Watersheds, Technical Release No. 55, January

— 
- 

- 1975.

11. United States Dept. of Commerce Weather Bureau, April 1956
Hydrometeorological Report No. 33, Washington, D.C. -~~~

12. United States Dept. of Interior, Bureau of Reclamation Design of Small Dams,
Second Edition 1973, Revised Print 1977.

13. Wolfe, P.E., 1977 The Geology and Landscapes of New Jersey, Crane, Russak &
Company, Inc., New York, New York,351 

~~
14. Andrew L. Simon - 1976, Practical Hydraulics, John Wiley & Sons, Inc.

— —

~~~~~ ~~ ~~~~~~ I’V~5-~~~45II 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~


